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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a pain curing 
method. 

SOLUTION: The pain curing method comprises the 
administration of a pharmaceutical composition 
containing an effective amount of a P2X receptor 
antagonist. The method is useful for mitigating various 
pains such as traumatic pain, neuropathic pain, 
visceralgia and disease-relating pain. The especially 
useful P2X receptor antagonist for the method is a 
mononucleoside- polyphosphate derivative of general 
formula I or a dinucleoside-polyphosphate derivative. 
The compound can be used singly for the treatment of 
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pain or used in combination witli otiier treating agent or an auxiliary treatnfient generally used 
for the treatment of pain to improve the pain mediating effect on the treating subject 
necessitating the pain-curing treatment. 
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y'MJDTy'yyy • h'j*;^7x-h> 5'-(2'3'-v^ 

-0-^>y'1')W75^y->> • h'Jif:X7x-h, 5' -(2' 
-0-7xx;UT-t:^;u) 7x7 ->> • h'J*;X7x— 
5'-(3'-0-:7xx;i'T-fe5^;W 797 -yy ' hU>f;7.7x 
-h> &tK5'-(2'3'-v-0-7xx;PT-t5^;i') 7x7 -> 
>• hU*X7x-h*^e.fiKS»*^e.S«ns. 

1 6 ] WtB^b^t)*^, VXyn^ (Ic) : 
[ft 1 6 ] 




OH 



0 


0 0 


II 


it II 


P— o- 


-P—O—P— 


1 


( 1 


OH 


OH OH 




K^^. Li. L2. L5. &tM6«. H, Ci-C47;i^^;k -y 

xx;i/, Ci-ci27v;p, S2>'^>y-f 

; L3&tM7H. H. Ci-C67;P+;k 7xX 
-'P. Ci-C67;l'^;U5^:t, CF3. CF2CF3, &tX-N3*^e)J* 



50 



^Pd^e.S6i[HS«n ; ^LTL4Rm.8H> H. C1-C67 

7U-;K Ci-C37;l/^;l/5":t, CF3> CF2CF3> 
-CN, Ryt-N37i^?>fiE-5^*^e.ffliz:HiS«n^. ) iCiD 
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13 



14 



[W*JB17] S^IB^*, Li=L2=L3=L4=L5=L6=L7=L8= * [|t*^ 1 8 ] taiBfli^tlA^ iUTO^ (Id) 

^ I d 




o 


O 


O 


O 


II 


II 


II 


II 


P-O 

1 


-p— o- 
1 


-P— o 

1 


-P— 


OH 


OH 


OH 


1 

OH 



N N 




OH OH 



{SCf s Lb L2. L5, Rm-6H> H, Ci-C4T;i'*;k 7 

Ci-C67;l'^>'U5^^, CF3. CF2CF3, S:lX-N3*^e)fiK 
^»*^e.»4trg«n ; ^■LTL4«, H, Ci-C6T;U+ 

TU-;i/> Ci-C37;t/^;i/5=-:t, CF3, CF2CF3, -c 

^ I e 



[»*]S19] mffBSC'l', Li=L2=L3=L4=L5=L6=L7=HT 
*5> »*«18friB«<Dffiffl. 



[tt5K« 2 0 ] 
[^b 1 8 ] 



«I§BYb^«!l*^ i^ToSC (le) 




0 0 O 
O— P-O— P— O— P— 

1 I f 

OH OH OH 



OH 



K^^. LlR0l2tt> H. Ci-C47;U=^^;k 7xx;k Ci 

;i'^:t> CF3, CF2CF3. SDt-N3*^e.^^i^;i^6a«n : 

■?-LTL4H, H, Ci-C67;i'*;U, 7'>J-;k Ci-C3T;1/ 
CF3, CF2CF3, -CN, SZ>'-N3*^?>fig^P*^e, 

CW*a2 1] WiEiC4', Li=L2=L3=L4=Hl?**, Iff 



50 



[w*«2 4] m^ximm(Dm^t)K as, ^m. 
'Dhh, i^iii> MS!. ^^^m^o^^. 
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2 5 ] Aftie?Bm75^ AIDS, m^^> 

j;os#sn-5, m^muzmm.<Dmmm0Simo 

[0 0 0 1] iim^m:^m^mim^^f^m-r^:^m. 

m^x\mm<Dm^. Rz^mmzm^v^^m^^oymmiz 
mm:^mmm.^m\zm-r^o ^vmz. :^mm\t. *56 
moymmm.^'^^&^^-t^^tiz^^m^. xtt 
m<Dmwzmmr^m^^mm^-^^^^xim<':^&\z 
Mrs. 

to 0 0 2] :^m^oyvm-^m^mm ^m^i * 
0k. Rz^^)i^^7.(Di:z)um^izm%-r^m^^h'^A^ 

T (prostadynia) . its, SOiffi^J^JI 

[0 0 0 3] ^1.^tt®«*.(7)«^, ^1.«i;a:*iJSit;5i^mx 

©Bje?5:^eg$!)S(7ibHlg?#'5S. (Goodman & Oilman' 
s 'The Pharmacologic Basis of Therapeutics'. 1996, 
p. 529, McGraw-Hill), 

[0 0 0 4] -K%^<r)m^m&<r>miSi(n^m\i.. WM\z 
(NSAIDS) . XHU K^fJ-f ><hy*;*J-f ><Dj; 



(9) 

16 

db^So NSAIDStt. ^j^COgiJf^ffl^^*., aiife»#rasr 
ffiWiS5^(CNS)iiJf^ffl, 'L^Jfil'g(OS'Jf^ffl, RtK^H^mH 

[0 0 0 5] agnail. ^ci^u-^t^Ks^^^^ bTf^ffli- 

10 a>!?(D^a#W, S:tKi^aWi^iSSiJ2:itoTVi-5 (Burns 
tock, DrugDev.Res, 28:195-206 (1993)). mm\--%^ 

^ISrozii — P>'{'*3tiT(Zhong, et al. Br. J. Pharmac 
ol. 125:771-781 (1998)), -^-bTHSttrii-P h 7 

>X5 <;/^-<h bT<75yj >. {BJ^tfATPCO^fg^^-ff^ 

TVi* (Hoi ton and Hoi ton, J. Physiol aond.) 126:1 

20 24-140 (1954)). m^^H-7^^mm.^vm.-t^~:3.-u 

>75S«flW^lt-^':?75i-DTt>Vi-S) (Maciewicz. R, and M 
artin, J. B. in Harrison's Principles of Internal M 
edicine, 12th Edition, McGraw-Hill, Inc., New Yor 
k. Jean D. Wilson, et al., editors, 1991. P.93). 
[0 0 0 6] #(CP2XS§^*:, 

a->:/h©2a«. P2X2RtJ^2X3ti, W^XW^^fl^ 
Pt, 3^ti^5^P^*^CDJ^JI(P2X2/3)Tl^lit(:f8SStli) 

■5. Jine)0'\7-P#a#:tt. 

^ti-5^n{rs{Kb;t-r *>(D«tn2r^i?».ai-r (tewis, 

et. al. Nature 377:432-435 (1995)). $5.13, 

;in?>P2XSif#(!Hffc:. tflEroP2X2> P2X3, R0T2 
X2/3S#^SC0it'T')(Df!lS(S-^bT4i;, ^bXTrf 

sc:ne.©P2XS#^©?gtt{b*J. »«j§»f^fflicMig 

t*t|E?^StaZt (Chizh and Hies, Pharmacol Re 

V. 53:553-568 (2000) ; Jarvis and Kowaluk. Drug Dev 
40 elopment Res. 52:220-231 (2001)). cne.®P2XS^ 

ifiyt^^ntz. ATP-^r^-;i.^#^*:, TNP-ATPtc i DIf 

-5 (Jarvis and Kowaluk, 2001). b*^b. Ctl?><D 
P2XS^^trMtaTS5ttC^$n^iKlK («SJA«> TNP-AT 
P) tt, l?*^^«ttStJt/XttSifflsS*?14©pgB*i^^ 

50 bVi?i*^roji&!Sfetc*f-rsie:'"Stt75«^t);5:43#ffi-r*. 
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[0 0 0 7] MiB(Dt*5f9, ■m^^^m-t^r:.^\-:.-^ 
[0 0 0 8] :^%m<Dmm 

(Dm^, ifejgtt®**., littCO*^. Hil§ 



[0 0 0 9] :$immm<Dfzid\zii^\zmmum^^i^7 
T$>^o wmmizid\.^x. :^mmmizmm:f3i?2i^^#. 

[0 0 10] 
[fb 1 9 ] 



T W 

A~oH-p-x,-H-P— Xj 
I 

OM 



P-X3 

OM 



L 



V 

II 




T 

II 

-P- 


-p- 


-Xi 


OM 




1 

Oh/ 



n 



L 



Y' 



[0 0 11] ^%m(Di(Dmmit. mmtVTn^-$n 

[0 0 12] *%BJH, S«i:LTfF#$n^S#:ifi 

mtLxn^-$n^^ti?><Dm. 75 h*xiixx7";v?& 

m^^mm-r^:^mizm-r^o 
[0 0 13] :^mm(Diftmt. m^^i^m-r^fzibiz 

xit-mzm^<Di^m(Drz!sbJ,z^t)nx^^^mW}miiiii 
m.^^t)^xmm^ti^^t%xt. ^niz^D^m^ 
^•r^^^(Dm^(Dihmtvxmm-^ti^^^=tmi!f3 - 

[0 0 14] :^mM<DmmtimmiiimArzt>it. ^^^-^^ 
im < *fgBj (Di[:'^mf)^m^(Dihmizmmx$>^ zt^ 
%M.Lrz. :^mmm^xm-^n^tiiio. ^ (i) 

mipm(DiiiiAj^^mz-r. mi^\^\m^xitmmz^^ 

[0 0 15] *5eHJtCj;0, ^#«) 

'sm^(D^Mx\t&:m.\zf)-^t^ty<brz(D^ot£i^mf)^'^- 



so 



if^m^^xm^^^i^f^o mimysmit. m^m(D^ 
( I ) <Dit'^^^'^tjm.mm.0s.m(DMmz^^^^ts 

xitmmzmmvfzm^^^ism^<Dm 

/x\m^<D&^^^m^m<mx&^c 
[0 0 16] ^^m<D:^mt. m^(Dmm\zf}^-^-^t)ib-r 

Rz^mmzmm-r^m^^^/vx^-^^o ^m^(Dm^ 

Rzf^m^m^&mm. mmzmmm<Dnmm^<Dj:^. 
tiW^mm\zm%vrzm^. ti'y^j]^^-. mnf^mm. 
1^, '^mnmm. n^^mmik. mm. ^vxn^m<Dm 
©PMSr^^T^i^. m^xii.m.u<^m^i-i. mm. § 
<Dm^. Afst<Dm^. ^(om^. 't-moym^. ^fs/"^ 
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[0017] ft^tlWlSHJ 











T 

!l 

-P-X3- 
OM 


W 

II 

-P-X2 
OM 


V 
II 

-P- 
1 

OM 













m n 



[0 0 19] : Xi. X2> mPk%\%. m^\zmM. 

-e*0 ;T, W« Sthm, ffliElli?^XHBg^T'$>f9 ;ni 
=0. K Xtt2 ; n=OXttl ; P=0. K X(±2 ; m+n+pO^H- 

A=M, X(i 

[0 0 2 0] Att. eilT(C^a6^p?i7U::r>'K5SST'* 
0, 

[0 0 2 1] 
[<k2 1] 




[0 0 2 2] is^-o. y^j—7.-^Vi.m.Mm<J:>^'^^iJ\-h 
x-i^7.yj.-vm\zm^v -.m, h. f, xttORix-ab 

O :Z'«. H. F, XttORaTfeO ; Ytt, H, F. XtiOR2 
;Y'tt, H, F. XttOR4-efcf9 : Ri. R2v R3. R 
t>*R4(i, fflictH, xti;^ (II) RtX/XHiC (III) \z 
<t-S>^»T*0 A=M®i^. X -Bi-XSV <D'pts.< 

t'h-iS-hy ^ (II) ©M3tSr§ltTOQ(R5R6R7)t-ffl^ 
-r-S*^ ; XHY'St>'Z':»)^ -i^trSC (III) t'^fe^« 

Y' . Z, y,\t.r <D'})'tS.< L%\ti^. ^ (II) COM^SrS 
tj-TOQCRsReR?) \znm-t^t'^ ; XtiYtZ. ttY' 

tv <D\t^-^ni}^ifi-i^\z^ (III) 

b ; 

[0 0 2 3] Di&m)2ti. sfiitcoxnc-e^o : 
[0 0 2 4] 

[fl:2 2] 



1) 

.20 

[0 0 18] 
[fb 2 0 ] 



T 




p 

an 

R7 

[0 0 2 5] iC+ : QH, i^^Mi^TS 0 : R5. Re. Ik 

t^iC (II) {rj;0^^$n§gE^*5x-7^;i^T*?.J; 
J^fiKf^^i^ ; XttRs&D^Tlefi-^t-' Qtma^^L/t 

)V. Xti^sHSri^^Lfct^iC (II) IriO^^^tl^ 
a5^i'*sx-T-;i'T»S J: ^ i^4~7MO«Kl«SS^ b < 

■^LTA=M. Smp^^Tafe^ t R7tt'<> 

^/-f;i'^>y-f ; xnRsStMe'^-i^f-' Q 

X«l»«L.<ti2SSft<D75yT$)^*\ 

T, ±iEgsiSfi. 7;i'4^;i', ->i7P7;u^;p, 7^;i' 

fzL^^ (II) t3J;0««:^n^gB^*S:^7;WN*;*-h^ 
[0 0 2 6] R5&t«(6f3:-«t(C. dlZZlMf^^Vttmm 

x\i^n-v$>io. ^vx^^^t. 7)V3^'y. >'i7U7)i 

:j=^>-. 7^)V^)V^^>'. 7U-;i'^4^->, B^^tl 
tz.7y)V^)V:i-^'y. Xliif^Srig^b^ct^^ (II) 

\z^y)m.'^^n^m^t^i3—iir^^-vmv<\-i.^^fi- 
hxh^^'^is.mk^nit7^}-)v-t^'yxi> 

•5 : 
[0 0 2 7] 
[{k2 3] 
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-X, Rg 

[0 0 2 8] ^^m\t.^2Si.Wxmzt.u^t. -«f{'Q 

;i/:t^v'> 7yJV^}V:t^i^. m^-^nrc7y)l=^)V:t 

[0 0 2 9] BRJ>T«. ffi5ilC. ^n-en-?-cD9-SL 
<(il-fic^:frLT«{cai^-r^^ (IV) xti (V) J;^ 

[0 0 3 0] 
[fl:2 4] 



R 



12" 




[0 0 3 1] 

[fl:2 5] 



scv 




N 



[0 0 3 2] : RlO&t>'Rl4ti. mHz\i\^u^i^. 



20 



30 



40 



22 

rt^^v-. 7U-;P:t^v< 7;P+;l/7 = y, v57D7;i' 

4^;u75y, 77;P4^;i/75y , 7U-;i/75y, 'J7 
y)V^)V7^y. v7'J-;!'75y, N-7;v+;w-N-7 
'j-;P75y, x«v?7;i/+;u75yTa&«)*\ ^i^t 
7;i^^;i'Ryt/xti7 'J -;i^Sds, j; D a^L« 

; X«Rio&tMi4«, n^L\Z^ (VI) {I 
J:«7->;i'75yTa&S35^ : XfiRio3ltiRi4;«>^-5-o«k«[J 
©m^tLT^^Sjfr^i:^, RiOiRiiXliRMiiR 

±g2R5-R9JCOtiTte«cD<i:i3 0. «^{CJ;0X5" 

nTVi;^t^7;i/^;k ->i7n7;p4^>/i^, 7 7;i-^;i/, x 
n7'j-;i'a5^tcj;0M^$n ; Jtt, ikmx\tMm-i: 

abO. ^cfcLJ;^JS^Ta&^t^. Ri2t3:#ffib;'iVi ; R 
lltt, tKHI. 0(75^x>l-xi-^->K^#^|:)T*-5*^^ 

X«^#^£(7xX>^«#)T'*0 ;#ffi-r^<i:#, R 
12«. 7)V^)V. 7vh\ 75 7. 7;U4^;P75 

7U-;i'75y«b<(i77;i'+;i-75y. tKa 

^->. 7;i'3^r->. 7^)-)Viir^l^^\y<\t.7y)V^)V 

■t^i^. x;p:7^'K'J;k 7)V^)V=^-t. 7U—)i^-^ 

^V<\±7y)V^)V^^. Xttco-X (Ci-67;i'+;H(J- 

Vi;^v>75y, ;?^;i'*:7^h. t Fo=^^->xn*;i'#^-> 

Gti, -0-(X-x;WSr-^;^?)). -S-(^ 
rtX-x^PS-^^^) . -NRi8-(75>^#x.-l>), -N(C 
0)Rl8-(75 h*^#A^), XHN{C0)0Ri8-(:*»;WA*^- 

h^#^5)*^e.atfn* :Ri3«. *5^. ifisi. 

m. bHD^^v, 75/. I»a«l$rifc75y, 2»S 
»3n^c:75y, 7;P+;l'5^:t, hUy)V^U7)V^JV 

7^)—)v^ii: xti, 77;^^;^5^3^T*|^. ci 

20*T(^;^*m^S-^tr ; Ristt. 7Kmx«7->;K«sjA 

B^®w«itc*^*^*5e.-r7-t^;i'. ^>y-f;i', 7 

xx;P7>';WT«.0 ;Ri6«. 7;U=^^;K0iJ;t 

y^;u). ;\u. 7U-;k 77;i'^;k 7;i'^r- 
mWi^ntz7)v^~)v. 7)u=^=.)i. xitmm-^n 

rc7}U=¥=:.}VX'&^ ; 

[ 0 0 3 3 ] U < BXttB' <Di!>/S: < t 
yU>T'*0 ; j;Ojf*b<tt, BXttB' ©il>;^< t 
-**i7xX>Ti&-2) ; 

[0 0 3 4] 

Ut2 6] 



— N- 
H 



< 



50 



[0 0 3 5] ^'p-.mt. i^mx\tmnr$)K> ; Rn^. 
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: XHRiyti, (VI) {ci^a5^J-*i;*;;i//N*;< 
*>fce.-f, iC (VI) fCJ;SgB^j^*«T5 

£1 a 



24 

* [0 0 3 6] mfie7 7y iSictrD-iE#:E& 

[0 0 3 7] (I) «»*LVijb^^ti. ^-CDfll 

iS<*:*«£ilT<^^C (la) H;£a&«ttB8f^{3&5^J^-r* 
•5 : 
[0 0 3 8] 
10 [{b2 7] 



B 



H H 



II 

I— OfP-XaH 
I ^ 

OM OM 



W 
II 

P— X2 



V 

II 

-p- 
I 

oM 



Xi-P 




m 



n 



[0 0 3 9] {iCf : M=H. XtiE^ibXPF^Sn^ 
;Ztt, HX«0RiTa&<5 ; Z' «, HXH 
0R3T^O :YH. HX«0R2T$)O : Y' HXttOR4T^ 
0 ;fflb, Y> Y' > Z, X«Z' (D^!>;^< (I 
I) roM^*SltT0Q(R5R6R7)(cffi^-r-5*^ ; XHY<!i 

z, ^b<«Y' tz' <Dv^-rn*^*t-8f{cjc (III) 

tb^m^m^V ; DpO ; D2=0XttC ; B3^«B' CD'>75:< t 
h-1jit. ^ (IV) (c:J;^rx:::>^aTabO itVX 

[0 0 4 0] 't^Ri^mm<D^m-^<Dftsb\z. ^ (la) 

(DSiSiBi*ilcS)^ftfe»*bVi^b^t)tt. T=V=W=Xi=X2=X3 

[0 0 4 1] ^ (la) ©*ffSL.liX-7^;Wt;-&'Kjtt, 
iC4'WDi=D2=0. B=B'=Tx->. Mt>'HRi, R2> R3, R 

zM4Am^nznxm^^^^i^r'$>■DT. ±f2S;tf«R5=R6= 

fib, Y. Y\ Z. SOtZ'ro^!>;&< tfelTiiQCRsReR 

>]xh7*:;^7x- >?-5'-[(3'-0-'<>-x;W 

/ -> >] X h ^ *X 7 X - h , v'-B' - [ (2' 3' -v'-0-'< > 

7x7 ->>] X h ^JJ^X^x- v'-S' - [(2' -0- 

7xx;ux5^;i/) 7xy v^Jx h^jJ^x^x- 

5' - [ (3' -0-:7 xx;i/x^;w 7x / -> >] x N 5 jJ^t. 7 x 

-h, StX>f-5'-[(2'3'->'-0-7xx;UX^;W 7xy 

*ti.^x-x;Hl:^ti« : Pl-5'-(2' -0-'^>v;i/) 7x 
y->>'-p4-5"-7x/v> • xh^*:X7x- Pl-5' 
- (3' -ii-^>i^M 7=fJ v-^-P^-S' -7xy -» • X h so 



■7*X:7x-h, pi-5'-(2'-o-^>v;W 7xy v>-p4 

-5'-(3'-0-'<>>>;W7xy-» • T-h7*X7x- 

pi-5'-(2'-o-7xx;i.x5^;p) 7xy->>-p4-5"-7 
=fJi^y • xh75^X7x— pl-5'-(3'-0-:7xn;l' 
Xf^;H 7xy->>-p4-5'-7xy->> • xh7*:X7x 
- h, RtJtpl-S' - (2' -0-:7 x.~)V3i9-)V) 7=fJ ->>-p4 
-5'-(3'-0--7x::i;i/X^;W7xy->> • xN^3l^X7 

X - h e. ^ sp*^ e. s «n ^ :i i t) T ^ ^ o 

[0 0 4 2] ^ (la) ©»*bViX-x;Wt^«!lli. 
^£+©01=02=0, B=B'=7xX>, mS\Z\\. R2, R3> S 
t>*R4*5afe St (cHXtiCRBReRyT * o T, ±S5^4> oRg^yc 
R6*s-i^{-^^Ta&0. S:D^7=7;i/+;i/, 7'J-;i'X 

tt7'J-;i'7;i'^;i'T^«ib'&#>T$.s. fib, y, 

Y'. z, Rr)^z'<^^!>;^j:< ifci^socRsReRrtciga-r ?)o «»i 

fL\t. ifSblift^i^tt : -^-5'-((2'-0-'<>>/-f;l/)7 
xy ->>]xh73^X7x- v-5'-[(3'-0-'^>>/'1' 

;w 7x y '»] X h 7 *x :7 X- h , v^-s' - [ (2* 3' 

0-^ >\/-f ;W 7xy V >] X h ^ 7 X— h , v-5' - 

[ (2' -0-:7 xx;u7-t:^;u) 7=fJ -y^T^byt^xy x. 

-h. >?-5'-[(3'-0-7xx;P7-fe^;P) 7xy v>]x 
h7*X7x-H, Rytv'-S' - [ (2' 3' ->;-0-:7 xx;i.7 

■t^M 7xy ->>]xh5*X:7x- h/6^e.fi£-5»*''^ 

miiti^o flfi<o<!f^bv^x-x;Kb^!^«. pl-5' -(2' 
-o-^^-v-f ;w 7xy ->>-p4-5'-7xy ->> • x 
*x7x- h, pl-5' -(3' -o-'Oiz-f ;w 7xy v>-P4 

-5'-7xy->> • X h5*7,7x- Pl-5'-(2'-0-'< 

7xy v->-p4-5'-{3'-0-^>^/'r>'W 7xy 
v> • xh73l^X7x- Pl-5'-(2'-0-7x:i;U7-fe 
5";W7xy-»-p4-5'-7xy-» • xh7*X7x- 
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25 



26 



h, pl-5'-(3'-0->'x^;PT-t^;l/) T5^y ->>-p4-5'- 
3L~)V7-t^M 7x / -> >-p4-5' - (3* -Q-yjL~)l7-t 

^ I b 



* [0 0 4 3] (I) <D, ffi(7)»*LVi^b-&i^tt, 

m7&mmT<D^ (lb) {rsje)-5«sHF^(ra&^^i-^^T 

S5 : 
[0 0 44] 
Cffc2 8] 







— 


— 


w 

II 


V 
II 




T 


■p— X2 


-P- 
1 




II 

-P 


OM 


ON/ 




OM 











B' 



n 



[0 0 4 5] {^4" : A=M ; liRZn2=0 ; T, V, StP»= 
0;M=H. XttE«i:bTfF§^tX^Cco^©«T$>0 : 
Y'tt, HXtiOR4T'*t3 ; Z(i, HXttORsTa&O ; RsXJiR 
A<D(!>'fS.< thW^ (II) friSSSTfe**^ ; 

tR4;^^-^(r^ (III) izm^om^m^-r^t^^^^ 20 

#T ; Di=OXHC ; B(i. S (IV) trJ;^77^:^>S»T 
[0 0 4 6] ^fi!cRtJf*il©§aS®/i«e>{3, ^ (lb) 

co|gBg(^tra5?>«feif*bv>it:^!|^«, T=V=W=Xi=X2=X3 

[0 0 4 7] (lb) ©iff* LViX-T-jWfc^tlti. 
S;fC)Di=0, V=7=f~>. MmrR3=R4=H, 7)V^A. 

Z'Oi!>;i5:<i:t>-:*r*iOR3XttOR4trtaaf fi»l;lti, 3o 

ni^'u\^^{t^m\t. 5'-(2'-o-'<>v;i/)75^y '» • h 
h U*;^:7x- h, 5'-(2'-o-7xr:;px^;w Tx/ -> 

>• hU>t:7,7x-h, 5'-(3'-0-7xZi;UX^;W 7x . 
hU*X7x-h, jSiOt5'-{2'3'-v-0-7x::: 



[0 0 4 8] (la) (D»*LViX-x-'Hb-&i^H, 
iC4'<7)Di=0, B=B'=TxX>. m.U\Z\zBaSUffi'&iL\ZT^ 
3ltJCR5R6R7Ta&§{l:^!^T*oT, ilE^tf ©RsStA 

6*i-i^c^^T-abD, 5Lt>*R7=T;i'^;k TU-;i/Xfi 

TU-JPTJl'^^UTfe-S), fib, Y'SlXZ'©il>;^< it) 

(i: 5'-(2'-o-^>^/-r;WTxy->> • h'j*;x:7x- 

h. 5'-(3'-0-'^>'/<;W7xyv> • h'J*X7x- 
h, 5'-(2'3'-v-0-'^>^/'f;W Tx/ ->> • h'J*;^ 
7x-h, 5'-(2'-0-:7xX;UT-fe^;l')Tx/v'>- h 
U>t^X7x-h, ^'-G'-0-yx.=.)l7-t^)l) 7x7 
>• h'J/J^7.7x-h. BlZ>*5'-(2'3'-v-0-7x:::;1/T 
•fe^;U) Txy->> • hU3f;X7x-h*>e.^-5Sf*^^ 

[0 0 4 9] ^ (I) <D, te(D<!f*bV>"ft:-&!^li> ^<D 

m^mmrcD^ (ic) ns36^«BHrt{c$.-5^^^^T* 

[0 0 5 0] 
lit2 9] 
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(15) 
c 



28 




O 
11 



p_0— p— o— p— O— P— o 



I 



I 



t 



OH OH OH OH 




[0 0 5 1] {^^. L], L2. L5. Syl6^i> H> C1-C4 

yx.-)V. Ci-C67;P4^;w^^> cf3> CF2CF3, R 20 « 

CF3. CF2CF3. -CN, ROf-N3*^e.fi!c-5af*^e.$6i[t' 

} o * Mb3 0] 

d 



Li-.. -'-2 



[0 0 5 2] ^ (Ic) COff^Ll^^b^iKltt. Sl^", Li=L 
2=L3=L4=L5=L6=L7=L8=HTa& -5 . 
[0 0 5 3] (I) «J©»*bVi{l:^!tS»tt, -5-© 
ig^;)iMT©^ (Id) {c^J&^i6Hrt(3fe^^^, X 
n-tn^©2'-x7.5^;i'Sb<«x-x;k xti^ne. 

«3'-xXx;i/^L.<tix— r;l'Tafe^ : 
[0 0 5 4] 




[0 0 5 5] {^fp. L2. L5, 5:^-6^. H, C1-C4 
7)V^)V. 7xx;K Ci-Ci2T->;l', RXS-^y^/^ )Vifi 

4^;k 7xx;i., Ci-C67;p+;P5":t, CF3. CF2CF3, s 
-C67;p^;u, 7U-;k Ci-C37;w+;i'^:t, CF3. CF2 

CF3. -CN. 2S:af-N3*^f,^-5»7&^e>S«n«. } . 



[0 0 5 6] ^ (Id) o#fcSf*bv^'fb^#ifi. 
L i=L2=L3=L4=L5=L6=L7=HTa& S , 

[0 0 5 7] (I) (7). $e.t:fiFSLVi{t:^tltt, ^ 

(D«Jg<^:*t£^-FcD^C (le) \z^isb^mmmzdb^5^=f-r; 
a&-5) : 

[0 0 5 8] 

[<k3 1] 
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SI e 



30 




o o o 
II II II 

O— P-O— ^-0-P~OH 
OH OH OH 



[0 0 5 9] v\mpLi\-x. h, ci-C4t;i/^;k 
7xzi;k Ci-ci2Tv;k w^yj ^ m^i^^^ma^ 
^mtL\zmi-^ ; L3H, H, ci-C6T;i/^;k 7xzi;k 
Ci-C67;u+;u^:t, CF3. CF2CF3, Rxf-nz^^^^^m 

*^^.jl«n ; ^LTL4H. H, Ci-C6T;l'+;k 7U- 
Z\<i7)V^)V^-^. CF3, CF2CF3. -CN, BlO^-N3*^ 

[0 0 6 0] ^ (le) ®»*bVWI:^«3(t, iC't', Li=L 
2=L3=L4=HTa&^. 

[0 0 6 1] 7)v^}vm\-i.. ^ma(Dmm. 

[0 0 6 2] T;P=^;i/SW*JK{Cj:^SiJ©C0j6j*:^t;^Vi 
EO, 7JP*;Wi, t: Kp4^->(Ci-3) 7;l'3^->, hU 
7;W:tP>^5^;k (Ci-3)5^:t7;p+;k /NP, T->;k 

7v';i':t+v> 75 7, 7 = y7->;u, 7v;i'75y. 
7)V:n^i^tl)Vif.-)V. tDV^-^i^JV. i/7 J . 

J: D 1 ~2CD A p ig^ & t» u 7 ;i^:t p ^ $ n 

7 X ifi ^ f, s«ns 1 ~3©ssi» 

[0 0 6 3] mM(Dm.^mzmt^m'mz^m\w<jy^ 
^t^fiX^WKi. 7U— ;k i^i'P7;i'^;k '\-7^p7'J 
st;«issics«. 7;i/^;i/, 7;u^-;i., 7U 

— ;k =y'PU7)\'^)\'. =y^U7)\''T—)V. '\xP7'J 

-^u, 7^;i'^;u. 7;i^a4^->, 7'J-;P:t 

4^v-, AP, -hP. th'P + v, 75 7. 7v;p, 7 



v7y. 7;!/P^->;^;i/:!l^:^;k ^:t7)l^)V. ^ 

fflViT«^irii3««l^*x-s, 7;u 
20 7;l'P4^v, AP, ->7y, :::hP, kHP + 

-X hUAP^5^;K 5^:t7;i'^;k RZS7S.y^^ 

[0 0 6 4] 5fe<Daf4'<OS«Stt. ^E^ftlSZli^S: 
<, bh*P^->, r:hP, ^^h^^-X :7;i':tP, i7U 
p, :/p^:, 3-K, xf^;i^, T'Pfcf^k 

;k '<>e^;k 5^Ji-7;u^;k 7)Vzi^i^. 

;k v'7y, 75 7, SSI$n^75y, h'J7;P:tP 
75^;P. 7x:rjW, v-i7P7'Plf;k v'i7P^>5^;k 

30 [0 0 6 5] »s bvi'vxpm^n, mm. ^sm. 

[0 0 6 6] *^H^«. Ma!c05?^U'::t^KRatv'3?i7 

fflissns^:t;^<, U^-^^A, rJ-hUC'i.. ^ 
L<H*iJ'i^Ai£<Dj;5;i7;P*U^MJt. 

A S b < Jl' V ■^7 A«(D J: 3 ;^ 7;W:^ U ±«^S 
:^ ; *-5Vi«NH4+, NEH3+, NE2H2+. NE3H+, ^L<tiNE 
4+ (Z. ^T, EHCi-47;l'=^^;i't?a&S) © J; 5 1S.7y'E=. 
':7AXIi^:7-, h'J-, XHx h7 7;U+;U • 7 

40 >^:-C7Al&^*)-g-tJ'o 

[0 0 6 7] E^<!:LTfF#$n-51t«, ^fb^tl©0r 

A. U^^C^A, Xtt*UC'A<Z)J:'5/^Hi<D-f 

[0 0 6 8] 2|c5gW«> W^W^li^l^:^^^^^!^-:^^?^? 

k:t5^ K^^^©«S«<D, EmiUTl^^^tl^XXx 

x;i/«L<H7-fel-75 K ; =^iKX7.x;i/«b< 
50 A75 K, ^ESISx;^x;i/eL<li'^>X75 K, X 
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CO 0 6 9] it-^^omm^m 

vK • ^U3^^X7x-h<Dfiltt^l:«, hU*:7.:7x-h 
h U >^ ^7 7 X - h Sr4 1; ^ o 

[0 0 7 0] ^%m<Di\:^mt.. mmwity,\t.%i7U-^ 

[0 0 7 1 ] ( I a) StX (lb) {r43ViT. -mz\. 
^ (II) SZJf/XttS (III) frJ;i9ii#«tt?^sn5o m 

^fmm^xm^ttvgm<D^^T. T}i^MtmL<D^ 
[0 0 7 2] x.-'rMt. m^fi-^m. y.\%mmM&<D 

[0 0 7 3] :*i;WN*y- hx«-?^:^;^j;i/A*^- hli. ^ 

H J; 0 ft *)lfB^J; < iiiS$ 
[0 0 7 4] afe^liti. ^a<D'fV->7^-hXti-1'V 



[0 0 7 5] *-3j?^-hXH5^:t*-it?^-htt, * 

[0 0 7 6] hU;^5^;i'- *X7x- 

h©:t+->iift;'J>^^eoTp?i7^:t5"h• • ^y*:x:7 

!^<^pvhi^5:7w'-!msSA^ i^fSro^yjj^x^ 

x-N^^#:Sr^b^, ^:y*:7.7x-h^i. v-Xfl 

1^:14-5^ K . 3l^x:7x-^/*x7x-^il*!t^I, x 

iti^^i^UTi-^]' ' = K*X7x-h^«#:*#Sfe 

[0077]SC(I). (la), RCX (lb) tc^SV^ 
T, Y'iZ'SaC/XttYtZ<DSlj|Xtt, 

ii-r^2'-Rm'-i: \^a=^i^)l'm(DRjt^iZ^O^B\zm 

m-^tio^o mzmmys..mt. m(D^^<D^±f3iVzmiz 

<Dmm\z&^. hUd7PPi^^, p-h;i/x> 

(r>m'&\z^\<^xmsi<r>m.mtimt^v^K 

[0 0 7 8] mmz. m.^-t)VVy.7.y-)V\i. i?(7)#« 
T, T->;p • :^;WVX7.5';Ut77y-7.0^Sf -52' 
-am'-b h*P^->;i'SOHJ£:HJ;0lll®sn'5«). 

[0 0 7 9] SI«#:^t;$n^-^^5?i7k:t->h*Xfi5?i7. 
k^t^^h'T^J. 6-75y'eiBtt^^tf:/U>T$>^*^XH 

XlS02'-^b<(i3'-t KP^^->;k StX/Xfi2'*b 

<}13' t KP^->;i'(Z):^7;i'A';<- NXH^:t:^)WN*;<- 

-f y->7^-hXH-1'V5":t>'7^- h^rffiV^fciaailr 
J;D-€-n-€=noKmx«^:tmig(c:^tj|Sn'5*. -fV 

->7^- hXtt-r V^:tv7^- h <h75 /ScoKfSdJ 

p^v;i'*co#ffiTi?^SS$n5^c<h*^^^$ti/i. 
[0 0 8 0] BB«bfe^TO^#«:{kS*SH, 

'j5j^7.7x-htr*tbTii)!fS$nps. mif^mtmmcD 
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[0 0 8 1] m^(Dm<^(D^mAwif:\z^^xr3i-sn^ 

iB8<)iJi«««> m^miz-^mit-^nfzmm 
^^ft^t, zL(Dm\^^^mm\i. ^ t^fsL^m-^Kft-izm. 
m^n^?>ii\ x\mm\zii\^^xmm(Dmmm^T!&io 

[0 0 8 2] mm^\t. mmih^mm-^-^n^-^m 

©^i-l^cD a t T e * -5 o 

[0 0 8 3] 

<(i, ax, flST. 7.:/^-, ii.\t¥)V<Dm 

1^. «a|Atf. ffllS$ti^^iJ5:<. Ocusert mW) -> 
7.xA(Alza Corp., Palo Alto, CA) {::*iJffl$nTVi^ 

Wk(r>^\z'^i^n^mmt'^m^'^ts, ^^ts-^^mz^ 



(18) 

\zmm^^tzii>\z^m^nommx\-i7.T!^>'^(D^. x 

[0 0 8 4] *fl?^®ffi©SHt{r*5ViT, «14{t:^^ 
'^yit'j-. :5'>3i?>. 7.3}^>v. i^u-A, y;K 

[0 0 8 5] *f8?«<7D$e.^«ll^lC*3ViT, ffittYt^ 

m\i. ^mthx(D^^-(Dtz^\zm^^n^. ^^mm 

[0 0 8 6] :^5gBJ©E«ffifiKtltr-^^n?)«ttft;-&tl 

So 

[0 0 8 7] mtntz^^-m.v^ju-i.. if^ro^t;^!^© 

*?)10-10~I«)10-1^;U/'J 'J N;k ^bTJ;05f*b<tt 
iii910-6~10-l^:;i^/'J y M^C0«^5^CD*-&gB^ 

40 fflSccos-^«^c^^■^te>n5■5 ; -^-cDi^^. iiHicDS#M 
figtiti. Ha^<D»A\ yjifBWim^w^'^t)^^fz^(r> 

[0 0 8 8] «-&fcJ;D. ftlifb^^i^^tr^SfWi^jg 
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[0 0 8 9] mzmmzWi^:f3m\zm^x. &rf<Disk^ 
'om^<Dnm(Dtztb<Dmm<n^ (i) (Dit-^m^is.^ 

Tit, EglSibTW^«(Dfi§tt{fc^#»*#tfli?!»pItB^ja 

[0 0 9 0] iS#S#t:cfcD#ffi-r^ 

fs.^mzii-Dxm^m\z§i.mzmm^ri^, mM\±. m. 

Xh(DKA(cJ:f)<fi«gE»cD:?&&(D^@{l<ti9xUA*'J 

[0 0 9 1] n^<Dm^<Dmm\:^m<DiSi^-^wc\t.. z. 
<D^ofs.ibMii^'i&'m:fs.n^<DW,zmw-/^^(^mmm. « 

[0 0 9 2] fe^V^tt. ?S^J®.^^A?PJA\ -K\tMMif)m 

WM^tmm. mx\t^mm\z'ai^n^i^m\zx^m. 



[0 0 9 3] mmt^mcDmn^^-^mt. ^m. a-tf 

rrifs^oismzm^mn^n^ztii^x^s ^vx^<d 

K)t^ii^^mm^mm:-r^fz^\z. -a-tt^j. si^^^sn^j, 
«fesj, Ru^^^sj*^ i^^^mi)^ e.san^ m±©^pj 
*^tr, fe^fflu, mi\<Dmk\znmfs.. ^mcomm^h 

^m<Dtim\zx^xn-h-^n. ^mmiziiif^m^R 
orj§^^a?.-&> ^tnz^-oxj^D&mmizm^^mv 

' i3zf±.)vtvxi)\ h^\>^\t.m^^^f>^7i^. x\tmm 

K, mw^yy^>. x«^u-^tft 

<i:S^sn-5*e>;5H^1f75^> • tizf±)iizvxmm-s 

[0 0 9 4] MMt<Dm^^m^if^ftib<OSilkit^m<D 

mmtvxm^j}m(Dit^m^'t(Di:or3:^?)-<D 
%m^-^''mt-r^M^<Dm^izisif^m^^Wi'b-tJ:^ 

[0 0 9 5] mmiivxmmm(Dm^i\:^^(D^)v. ^ 
u-A, x\tmmmo:)mm^um^<D!^m&Am\z^^ 

fb^«!i«, mmuy'uj-<v-:^m\zj:^mm. 

■::'/X m 4" Ta« 2r iiJ^S i L T V ^ S 355^- tr jg 

ffl$tl3-5o mmx$>^Ztf}^^iiWiii-mX'^^tlX^^ 

^^^:fs.m^-^ti^&i^tm'^^nrzmm[:'^wt, m 

[0 0 9 6] :^%m(D:^mt. m^'tmm-r^ftsbiz- 

mzmm^n^«&<DihmM. ^xs7iy^n> vmiimz 

^m-^ti^Zizi)^X^. ^t\\zi^K> l.t^MM'&.Xf^y 
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fi-iy). NSAIDS(7Xbf'J>, <yyP7x». 
0X2EI^SW (Vioxx. ■fe^::^^•y5'7.)<&#^T^i•5. 
[0 0 9 7] n3lkK'^^im(DV^)\/^m^-t^tz^\Z 

[0 0 9 8] ;:<DJ;'5(r. ^s^l^ro-fb^i^roffifficD^ifi 

[0 0 9 9] %<Dnmfm^m.n¥i^\^fz.um.mx. ¥ 20 

[0 10 0] *5§Bj©'fb^&«)«ji, g^S. 
F^<*:> m^/^\t.'^mi5mzM&-t^^n 

[0 10 1] iisi^j 

, 7.>»-tr-f (HotplateAssay) {I*5tt-5AP4AiiiAC5^* 30 
*y h:/u-h • ^x;Kov>;^{::*3tt-&pi-5'-[2'- 

(0) - 3' - (0) - > ^ 5^ > ->] -> >- 

p4-5'-7xy v> • xh^TKX^i- h (AP4AiiiA ; 7x 
-^PT-fe h 7;i/x b K •P AP4A-2' . 3' y -7-fe 3^ - 

;i/)cDf^fflii, (I) ®fi:^t)CD^«^«<£BiHjt-^o 

/7 p U y h;KD»-rM^SCDWffllrAP4AiiiAXtt^SA:S 

[0 10 2] '^^^u.^^%'(i(Dnm^^^(n>mT^ii 

[0 10 3] m\t. i',tt«*ro^tt%:^Sf[^:7';K7f:>y 
hT'W'-h • ^:x;i')Tafe-5V^7>{I*5(^^AF4AiiiA(7x 
-;i/-T-fch7;i/xt KSf#^AP4A-2'.3'-^y7-lr^'- so 



^iWliJn, t:>'h^«lr43ttSAP4AiiiA(7)g-^» 

AP4AiiiA<D*t)i«vie-¥«-e^;ut^t^thW{cra^ 
[0 10 4] %m.mi. ■^^7.<r>nmM\zn-t^m.%m. 

7 >>- -fe -T 43 -5 AP4AmA©3a:l: 

*3tt-5cOAF4AiiiA(Dg&*^&lffiWr^ ; v-^XcOi^^^^ 

(cffiffl L.;^?^&«. Collier et. al (Collier. H. 0. e 
t. al. Br. J. Phamacol, Chemother. 32:295-310(196 

8) ) J: 0 fa«$nfciKgi5^3g^ag^(o^ffiT* o fco 

[0 10 5] ^'mz.n7^\-S.. 02{l*5tiT. #^coi»jtl 
fl, 10 mL/kgCDSTO. gSKcDi^g^OlKKrt (i. P. ) aAS:S 

^ (abdominal Constriction) Sr, WtpcDIBMroT— 5^ 

J^^5:^f3S#:ro«f-^<D#a^T*€.<h«^L-fc, AP4AiiiA 
i^^S-^«3^j-W(rlO mL/kg©«Ti.p.^ 
■^L, -*^:;i/b:^^, 1^^IS*©25^)-MIC10 mL/kgO 
«Ti.p.S^bfc, 
[0 10 6] 03tr:fel>T. ^^CDftfi) 

10 mL/kg<D«T0.02X(D7x:i;U'^>V^/><Oi. 

m.R^mj^m\zw mL/kgc^^Ti. p. s-^l-. 

t^^. B^g?«#ro30^i-Wfcl0 mL/kgco«T'i.p.S4b 
It, 

[0 10 7] itrfEi^sn. mm.-BLXSy y.^)v^yv^ )v 
^jy\zi^-oxm%^nt:.mmm<Dmijxm.^^m^o) 

i^^i^{I*3tj-^AP4AmAOS-^««fe#W75:^S#W5a*2:« 

mg/kg(DAP4AmAT^:;i/t^^tiKtfMfcSV^*«;^< . 

xy 3L-)V^yV^ / y ■ ^:x;Kri3ViT30 mg/kgOAP 

MvBA\t.=^)v\i^tmwti^\zm^^ii^fs.^^o z.cr)mmm\^. 
[0 10 8] ^mmz. ■^'y7.(D0k&^<D^^ifZM-r?> 

U > • Ty-t'f {;:43tt-5AP4AmAcD5?!l* 
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> • 7>>-t-f <D7x-X (II) <DV'^7,}r43tt^AP4AmA 

AT^Kx nAP4AiiiA© vi-rn*^ n i; #J trl 0 

S#^10^i'*^^30^i-*T';^'>> h L/C. 
[0 10 9] @4HiJ^igtt#:tt«©^<^%^ml^x;K* lo 

[0 110] iiss0ij4. v<Dnmm^^<Dm^\zn 

C(D||]!i^J(^, Kirn:S:t/^Chung(Kirn and Chung. Pain 5 

0:355-363 (1992) ) (3 J: 0 l¥iMt3SiHJ^tnfc#iS^^^ 20 

[0 111] S*tSil©60^J-W{rAP4AiiiAS-Si£T (subp 
la'ntar) ^:;Pt^<75:l^«. Sg^coeO^i-WtdK 

Kf*3S-¥UfCo 05ti. 0.03 mg/mLOJiSTSOV-l' i7 p 
U -y h;KD^«TSt:it»S#$^a-5AP4AmA*^ 16 mg/ 

5 ®S«€rffl L -2) d <i: SrfKBJ-r-S. 
[0112] 05tt. Wig»«tt(DlS*ro^(R5S:KWt 30 

mm^m asAe) i!^ssr^r5^;i') ro^ ^ h fci3tt«.AP4 



tSr^-y htr^^-r^fe86frS*^n^5^^A»* (gr 
am force) ©iiJnH*5ttSAP4AiiiA(D^a^WS!)*S:iKI^ 

(I) <Di\:^mf)mfmn^<Dm^<Dmm\z^n-r^db^ 

[0 113] mxs\z^c^%mi.xs^w.mom^-St. 

^^'^m^\z^mzr^umz. mmn.. mm 
ts.. ^vxmnf3.mm^m^^x^^\zmWL-ti>o mm<D 

[0H®ffl!m;5:l5iBJ] 

[0 1 ] M~'&M%(Dmi^%m.m't5')v (4^-y h^u- h 
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■ Ap4A)nA 1 rag/kg ^S^l^ 
n Ap4AmA 3 mg/kg 
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FbnnulaVI 

w 




W is oxygen or sulfiu; 

Ri7 is amino or mono* or disubsncuied amino such chat the moieiy according fa Fonnula VI 
is I or ^ourea; or 

iiB aUcoxy, AXBlkyloxy, aiylozy^ aubstitutcd aralkyloxy^ or subsiituted axyldzy, such ihai 
the moiety according lo Formula VI is a caftoamaie or xhiocarbamate; or 
Ri7 is a}kyl« cycioalkyl, aialkyl, or vyl, with or without substimems or heteroatoms, such 
that the moiety according to Foimula VI is an amide; and 
Rjb is aOcyl, cycloalkyU araUcyl. aiyS, wttn or without substimems or heieroaiom& 

3. The use according to Claim 2. wherem at least one of B or 3* is adenine. 

4. The use according to Claim 2. ivheretn said compound is a compound of Formula la: 



Fonnula la 




m n p 



wherein: 

H, or pharmaceattcally-acccptable salt of this actdi 
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(23) ^ 

1- Title of Invention 

Method for treating pain 
2. Claims 

I . A ph8nweuuc4l composition for trcaqiig pain, wherein said phamuceuilc al 
coinposiriQD comprises a ihcjapeuiically cffecilve amoum of a compound of ftsmula I, or a 
pJunnaccuiically acceptable salt, or anndc oi ester theneof: 



FoimiUal 



DM 


w 


V 

4- 


-4 

OK 


_ 

m 




n 






r 



wherein: 

Xu Xa. and Xa are independently oxygen, roethyiene, monochloiomeihylene* 

dicbloromeihylene. monoHuonmieAiylene, difluoromeil^lene, or iimdo; 

T. W, 9nd V m inctflpendently oxygjsa or jiulfvn 

Tn= I or 2; 

ii=Oorl; 

?-0,lpQr2; 

wl^cietfae Slim of m-rntp is from 0 lo S; 

each M is indepesdently hydrogen or a phannaceuueally-accepteihle inoiganic or organic 

countenon; 
A«M,or 

A is a Ruc Jeoside residue ^ieh is defined as: 



and is linked lo the phosphate chain via the 5 ' position of the fhranose or caibocyclc; 

ZisH.ForQR,: 

Z'is H. For OR,: 
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YisH.ForORj; 

Rj , Ra* R) . and arc mdcpciuJcntly H or ft residue accoiding lo Foimulas H sn4/or DI; 
provided thai wbeo A=M, at \tm one of Y" and Z equals OQCRjRJIt) under tbt d^tion 
of Fonmula U; or and Z taken togctticr foxni a ring as defined in Foxmula HI; 
funbcr prov]<ted tha! whoi a is a nucleoside. gi ]am one of Y, Y", 2, or Z equals 
OQO^jR^Rt) under the definition of FonnuU U; or cfther Y and 2 taken togeilier, or Y" and 
2' taken together form a ring as defined in Fomula ID; 
Pt and are independently O or C; 

FmnulaH 

wherein: 

Q is a carbon atom; 

R3. and R, aw independently H. F. aUcyl. cycloaUqpU aralkyl, substituted aralkyU or 

heieiocyclic moiety, or 

Rs and are taken together to form a carbocyclic or httcrocyclic ring of 4 to 7 members, 
such that the moieiy defined according to Fomute H when attached to the oxygen ia an 
ether, or 

Rs and R« are taken togefljer as oxygen or sulfijr doubly bonded lo Q. and R, is allQfJ, 
cycloalKyl, aralkyi, Jubsiiiuiedaralto'laryl,araheteiocycleof4to Tmember^ such that 
the moiety defined according to Fonaula n ^en attached io the oxyi^ js an ester or 
thiocster. with the provisicm ihai when Ra and R6 are taken logedier as oxygen, and M, 
and X] - oxygen, then Rj is not bcozoylbenzoyl; or 

Ra and R* are taken together as oxygm or sulftir doubly bonded to a and R, is amino or 
mono- or disubstituted amino, where the substinients are alkyl, cycloalkyi, araUcyl aryi, 
sttbstituied aranqri, or subRituted atyl or where the substituctita on xutrogen form a 
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heterocyclic nag of 4 to 7 members such Thai ibe nioieiy accQzding lo Fonnula U when 
attachEd to ^ Qxysai is a caTbamaie or Uupcartoaniaie; or 

Rs and R* are taken together as oxygen or sulfur *mWy bonded m and R7 is alkoxy, 
eycioaJkoxy, aialkyloxy. aiyloxy. subsiituied araikyloxy, or substituted aiyjoxy, such thai 
the mdeiy according to Formula II when aaacbed to the oxygen is a cartxniate or 
thiocaibsmaie; 



Formula m 



wherein R, aad Rt md/or Rj and R4 are taken tofiether lo fiwin Q; 
Qisacaiboaawra; 

R» and lU aie taken together «$ wygai or soUw douWy hcndwl to Q to fc^ 

caAoiuue or tUoeaiboiute: or R, and R, mo be taken together to fium a nag of 4 to 7 

raember?. with or wiihowsubnituents.-iviih or without tmsarurati 

beteroaioms in the ring, wift the proviaon that when A - M. and X, - oxygen, said ring can 

have no mart than two nitro gtoi^s as substitucms or 

R. ia hydrogen, alkyl. cycloalkyl. aiyl aralk^. stibatitmad aiaUcyi. or hwcrocsele; 
R9 is hydrogen, alkyl. cycloalkyl, aiyi aralkyl. aabaiitMed aralkyl. heteiocyelc. alkyhucy. 
cyctoalkyloxy. araHgdoxy. aryloxy. substinted aralkyloxy. or snbsiituted aryfaxy. nieb that 
Q is pan of an acctat-. keial- 01 onho'esttr noie^ 

B and B> arc independently a purine ar a pyrimidme residue wcording to Fotmulas IV or V 
which ii linked 10 ihe RigBT via die 9- or I- posidon. isipectively; 
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FonnulalV 




R)i» and Ri4 are iadepeoAtaily faydioicy, 6X0» amino^ mercapio, aIk>l^o, lOkylox/, «i>loxy, 
alkylumno, cycioalkylanuno. amlMatninay wylomiiio. diaralk^amizio. diarylanuno, N- 
a]]eyI<N*uylBmino. or dislkylamiiio, wtore ihe aOcyl and/or aiyi groups are o|iiioAa]ly linked 
to form a heieiDcycle; or 

Rio and Ku air independently acytaminc, according to Formula VI; or 
when R]o or Ru bas as iu Srst atom xuirogeii. Rio and R\ \ or and are taken together 
to foim a 5-morobexed fiiscd imidaeole xin&» optionaUy substifuted on the iimd42ole hog of 
the eiheoo-conipound with a subanuied* or unsubsdiuted- alk>i cycIoaUcyi, aralkyl, or aiyl 
moiety, as d^sciibtsd for Rs-Ra above; 

J is caibcHi or niiio^, with the provisian dut when J is nitXDgen, Rn is not preseni; 
R) I is hydrogen. O or is absent; 

when present, R)2 is hydrogen, alkyl, asido, amino, alkyiamino, arylanuno or aralkyiamino. 
hydroxy, aikoxy. azyloxy or aralkyloxy, sulfhydzyl, aUcylthio, arythio or aialkylthio, or 
X(C|.«a]kyl}G-, wherein X is substiiutod- or unsubninited- amino, menzapio, hydsoxy or 
carbox^ and O is chosen from -0% -NR|i%-N(CO)Rir. or N(CO]0Ru-; 
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R43 w hydiogea, chlonne, fluonne, h>4rQJt/, amino, nonosubstinitcd ammo. cUsubstiiuied 
amino, dkylihio, trinuoroaUcyltbiQ. eiyltluQ. or sislkylihio, where ibe subsoiuent on sulfiir 
contains up 10 a maximum of 20 caibon aiomSp with or without tutsauiraiion; 
Ri5 is hydrogen, or acyl; 

R16 is hydrofien. alkyi, halo, aryl, aralkyl alkei^. substituted alkenyl, aUcyny], or avbstimied 
aJkynyl; 



Poiroula VI 




wherein: 

W ift oxygftn or auWu; 

Ri7 is unwo or mono- or disuboicuied amino such that the moiety according to Fozmula VJ 
is a urea or ihionrea; or 

Ri7 is aOeoxy. aralfcyloxy. vyloxy, n^tutpd aialMoxy. or subsdtuted aiylozy. such that 

the moieiy according to Foniuila VI is a cazhamate €9 thiocaAamate; or 

R\7 is aDcyl, cycloalkyl, walkyl, or ajyi. with or whhom subsiituema or hcierostoms. such 

chu ihe moiety according to Fonnula VI is an enidc; and 

Rj I is a&yl. cyclcalkyl. aralkyl, aiyl, hetemcycUc <v heteroao^. 

2. Use of a nucleoside {lolyphosphmc derivative for the preparatioa of a medicamott 
for treatinfi pain, wherein said nucleoside polyphoqihase derivative is «oompound of 
Fonnula I, or a phaimaceuiically acceptable salt, or amide; or esier thereof: 
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Fonniilal 




wherein: 

X], X2» and X3 m independently oxygen, methylene, monodilojQmcthyienei 

dicblorameOo^ene, monofhiommethylene. difluoioroeihylene, or imido; 

T. W, and V are independently oxygen or sulto; 

m«0, ]or2; 

xr-Oorl; 

p*0»].or2 ; 

^bere the sum of m+n+p is &om 0 to 5; 

each M is independemly hydrogen or a j^annaceutically^aoceptabk inoiggnic or ot^anic 

counienon; 

A-M,or 

A is a nucleoside residue which is defined as: 

y z 

and is linked to the phosphate chain via the 5' position of the fuiaRow or caibocycle; 

ZisK,ForO]lt; 

Z'isiiForORi; 

YisH,Far01t2; 

Y isaForOfU; 

Rti R). and B4 are independently H or a fesidue accoxdi^g to Ponnulas H and/or ID; 
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provided that when A-M, «i least one of V' and Z' equals OQ(RaR«R7} under Qie deOnition 
of Foimula II; or Y and Z' taken togedier fbmi a ring as defined in Fonnuia III; 
further provided ihat when A is a DucJcoside» at least one of Y, Y, 3L, or Z* equals 
0Q(R,R6R?J under the defininon of FormulB tt; or eihcr Y and Z tatai together, or Y* and 
Z taken together fonn a ring as defined in Fonnida IH; 
Di and D2 are independently O or C; 

FonnulaD 
-f-Q-Re 

wherein; 

Qisacarbanafom; 

R*. Ik and R7 are independendy H. F, allcyl cyeloalkyl. aralkyU aiyl. snhstimted aralkyl, or 
heteiocyelic moiciy, or 

Ra and R^^are taken together to firnn a earbocyclic or heteiocydic ring of 4 to 7 membeis, 
such that the naoiety defined eeeording to FoxmoU II when attached » the oxygen Is an 
ethen or 

Ra and R6 arc taken together as oxygen or suJftir doubly bonded to Q, and R^ is aikyl, 
cyirloalkyl. awUcyl, substituted aralkyl^ aiyJ, or a hetetocycje of 4 to 7 membeis. such that 
the moiety defined according to Fonnuhi H when anached to the oxygen is an ester or 
thiocster; widi die provision ttmt when Ra and Ro we taken logedier as oxygen, and A <- 
and X, • oxygea. then R? is nof benxoylbenzoyl; or 

and R« are taken together as oxygen or sulfUr douWy bonded to Q, and R7 is amj&o or 
mono- or disubstiiuted amino, where the aubaituenu are alkyi, cyeloalkyl, aralkyl. aiyl, 
substituted araJkyl, or substituted atyU or where the subsUniems on nitrogen fonn a 
heterocyclic ling of 4 10 7 members snch that the moiety according to Fonnida U when 
attached to the oxygen is a caifoaraate cv* thiocarbttnatc; or 

R3 and are taken togedtcr as oxygen or sulfiir doubly bonded to Q» and R? is alkoxy, 
cycloalkoxy, anllQloxy, aiyloxy, substinited amUsyloxy. or subadrnted at>loxy. such that 
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the moiety according tQ Formula Q when attached to ibe oxygen is a eaibonate or 
ihiocarbonare; 



wherein Ri and Rj and/or and R4 are taken togetlicr to fbtm Q; 
Q If a caibcu] aiam: 

Rd and R^ are taken togcthei is oxygen or isuliUr doubly bonded to Qto Ib^ a cyclical 
caibonme or ikiocatboaate; or andRv can be taken togedierio ibim arins of 4 to 7 
mcniben, with or without lubsiiucnts^ with or without unntuniion and with or without 
heteroatoms In the zjag, witii the provision that when A » and Xi - oxygen, said ring can 
have no more than two nitro groups as snhstituents or 

Ri is hydrogca alkyK cycloalkyl, aryl. aialkyl. fiubstitutad araJkyl, orhctcrocycle; 

is hydnigen. alkyl, cydoalkyl, aryU aralkyl. subsittutod araUol* hcterocyclc; alkyloxy, 
cyckmlkyloxy, aralkyloxy, aryk>xy, subsiimted arallcyloxy, or substituted aiyloxy, such that 
Q is pan of an acetal-, keial- or ortho ester moieiy; 

B and are indq>endenily a purine or a pynmidine residue aceordiag to Formulas (V or V 
which is linked to the sMgar via the 9- or 1- position, xespectivdyi 



FozmulaOI 




Formula IV 




Rio 
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wherein: 

Rio and Ru «c independenily byOroxy* oxo» anUno, mercapto. alkylihio, alkylcwy, aryloxy, 
alkylamino, cycloallcylamino, aialtcylaintno. aiylamiDD. diaraO^IamiiK^ diaiylamino, N- 
a^ty^N-aIylaroiaa. or cSalkylamino, vAitn ibe alkyl anil^or ai^ groups axe opdonaUy linked 
IP form a licieiiocyclc; or 

Rjo and Ruare independently acylamino^ according to Formula VI; or 
when Rjo or R,4 has as its fiat atom nitrogen, R,d and Rn or and R|5 are taken logeihcr 
to fonn a S-mcmbcred &scd imidazole ring, optipnally substituted on the imidazole ring of 
the etheno-coinpoimd with a siibatituied- or unsnbsUmted- alkyl. cycloalkyi, araDQrt, or aiyJ 
moiety, as described fbrRj-Rw above; 

J is carbon or nitrogen, wiib ttis provision ihat wtas J is nitrogen, Rjs is not present; 

Rn is hydrogen, O or is absent; 

when present, R,2 is hydrogen, alkyj, axido, anduo. aUcylamino. aiylamino or aralkyUlinino, 
hydroxy, alkoxy. aryloxy or aralkyioxy. sujfhydiyl, alkykhio, aiythio or aialkylihio. or ok 
XtCi^kylJG-, wherein X is substituted- or unsubstioited- anuno, mercapto, hydroxy or 
carboxyl andG is chosen from -0-. -S-. -NRir-rNtCOJRir, orN(CO)ORir; 
Ri3 is hydrogpn, chlorine, fluorine, hydroxy, amino, moaosubsiituted amino, dfsnbsdtuced 
amino, alkylihio, irifluoroalkylihio. aiylthio, or aiallQflthio, where the eubsiitueat on aul&r 
contains ap to a maximum of 20 carbon atoms, with orwithout unaaniration; 
Ri5 is hydrogen, or ac>1; 

Ri6 is hydrogen, alkyl. halo, aryl, araJkyl, alken)^, substiiuted alkenyl, alkynyl, or substituted 
alkynyl; 
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2isH,orORi; 

YisH^orORj; 
y'UH. orOR4; 

provided that at leiisi one of Y, Y*. Z, or Z equob OOO^sW^t) under ite definition of 
Foiroala fl; or Y and 2 ukcn wgrtiw. and/or Y' and 2' taken logefher foim a ring as defined 
in Foxmula Uk 

Di=0; 
Dj -O or C; 

ar Itasi one of 3 or B* u an adenine residue according to Fbnmila IV; and 
ihe siun of m+n-^ ia 3. 

5. Tl»mcihod according to Claun4pWhcrttuT'=V 

oxyeen. B-'B'^adcmiw. and Ri, R,, Rj, and R4are independently H or CR9RJI7, wherein 
R3-R4=Hp and R7- aUcyl, ai>1 ar aiyJaJkyU provided at least one of Y. Y% 2, and 2' is equal 
10 OCRsR^R;. 

6. The method according to Claim 5, wherein said compound is selected from the 
group consisting of di-5'-K2'.O.ben2>3)adeno«nc] tetraphosphate, di-5'.[C3'-0- 
bcnzylMenoaine] tetn^oaphate. di-5'.I(2'4*.di-0^ben2yl3adeno«ine] tetr^sphate. d£- 
5'-[(2'-Ophcnyleihyl)adeno5ini5] tetraphosphace. di-5'.[(3'^phcnyledi>l)adenosine] 
leiraphosphaie, anddi-5^K2\3'-di-0-phenyicthyl)8denosinel letrapho^hate. 

7. The roeihod according to Claim 5, wherein said eompoimd is selected font the 
group consisting of: P'-5H2'-0-bcnayl)adenosine-P*.5"-adcnosine teti^^bate, pLs». 
(3'-0-benzy!)adcnosine-P*-5"-«denosine tetraphosphate, P^-5*-(2'-0-ben«yl)adcnosine-]^- 
5"-(3"-0-bcnzyJ)adenosiDc tcin^hosphate, P^-5'-(2'.O.phenylcaiyUadenosine-P*-5"- 
adenosine Tciraphosphaie, P'-5'^{3'-OphcnyleiM)adcnosine-P*-5-^adcno$ine 
tcuapbosphaic, and P'-5'-(2-<)-phenyleihyl)a4enofiine.p^5'H3"-0-phcnyled^^^ 
tetraphosphate. 
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S . The use according to Claim 4, wberem T » V- W - X] « Xj = X3 =Di « Dj - 
oxygen. B-B'«=«dcTune, and Ri, Ra. Rj, and R4 are independemly H or CRsR^R,, wherein R5 
8iid Ro arc taken togefeer »s ojcygen. and R7» alkyi, tayl or aiylalkyi, provided ai leasi one of 
Y\ Z, and is equal to OCR5R6R7, 

9. The use according to CWxn 8, wherein said compound sckcicd ftgjn the giDup 
conasiing of: <}i-5'-[(2'-0-benzoyl)adcnosinc] tetzaphosphaxe, dj.5'-[(3'^- 
bcnzoyljadcnoslnc] ictraphosphaie, di-5'-[(2*,3'-di.O-benzoyl)adcnosinc) rctnH*osphaic. 
dH5'-[(2'-0-phenyl8cetyiJadcno«nc] idraphosphare, di-5'-t(3'-0-pbenylacciy|)adeiiosijieJ 
temiph05phaTc, and di-3'-[[2'.3'-di-0-phenylacei>iJadenosine] tetraphosphatc. 

1 0. The use according to Claim S, wherein aaid compound ia selected fiom the group 
consisting of: P^-5M2'-0-bcnzoyl)adenQsine-P*.5"-adcaosine tem^hosphate, P*-S'.(3'-0. 
benroyl)adenoane-P*-5"-adenDSine tetraphosphMe, P'-5'-{2'-0-ben2oyl)adcnosin€-P*-5"- 
C3"-0-ben2oyl)adenosi«c iettaphosphatc,P'-5'-(2'-0-phcnyiacciyl)adQiosinc-P*.5"- 
adenosine teiraphosphatc. P'-5'-(3--0-phenyIaceiyJjadenoiine-p\5"-adcnosiac 
leu^hosphaie. and P'-S'-(2*-a>pheQylaGeQrl)adenosine-P^-S*'-(3"0- 
phcoylaceryl)adenosine teirapbo^haie. 

11 - The uae according 10 Claim 2, wherein said compound is a coo^und of Formula Jb: 

Foxmnlalb 



wherein; 

XiandX}«0; 
T. V.and W-O; 











AO— 


P-X, 


V 

II 


T 
11 
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OM 




OM 
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- 



B' 




12 



4$ §12003-238418 (P2003-238418A) 



(35) 

M =* H or a phanroceutically^^cccpiBble salt of this acid; 
2isH,orORj; 

wilh the provision thai at kasi one of Rj or R4 is a residue according to Fonnula D; 
or thai R} ana R9 taken logetHer form a rn^ as defined in Fonnula 121: 
Di«OorC; 

B' is aa adenine residue according 10 Formula IV; aod 
the sum of n + p is 2. 

12. Theu5eaccordiogtoaajron,whermT-V-W-X|«X2«X3 = I>, = oxyg 
B*- adenine, and R]<- R4- H - aJkfi, aryl or aiylalkyl, provided ai least one of Y* 4i;d 2* 
equals tt>OR3 or 0R4,iiather provided that one of Rs and R» is not H. 

13. The use according to Qaim 12, wherein uid compound selected |mm tha ^oup 
consisiing of 5X2'-0-benzyl)adcno$ine tr^sphaie, 5'-(3'-0-ben2yl)adeoosiae 
triphosphaie, 5'-(2*3' di-0^b€nzy|)adenoainc triphosphate. 5'-C2'-Opliejiylethy|)adeoosine 
triphosphate, 5X3'-Oi*cnylcihyl)8denosine tripho^haie, and 5X2\3*-di-0. 
|ihenyleihyI)adenosine tripho^hate. 

14. The usfs acconJmg to Claim I U wherdn T « V- W - X, - X, - X, - D, - oxygen. 
B-B''«adcnine. and R^ and R4 are independemly H or CRsK^R?, provided at least one of Y' 
and Z' equals 10 OCR^,, wherein Rs end R< are taken xogciher as oxygen, and Kt alkyli 
oiyl or aiylalkyl. 

15. The use according 10 Ciaun 1 4, wherein said compound is selected ficsn the group 
consisting of: 5'-{2 '*0-benzoyl)adenosioe tijphosphate, ^'<{3*-0-benzoyl}adem3sinc 
tripho^ie, 5'-(2\3'-di-0-benzoyl)8dcnosine triphosphate, 5M2^0- 
pbenylaccty])adcnosine triphosphate, 5X3'-0-phcnylaceiyi)adenoaine triphosphate, andS'- 
l2',3*-di-0-pbenylacetyl]adcnosine Diphosphate. 

1 6. The use accmfjqg to Claim 2, wherein said compound is a compound of Formula Ic: 
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Fonmilale 




wheieia Li . Lj, L5 and U independently selected from the group consisting of H, 
CrC, aJkyi. phcnjl, Ci-C,a acyl and benzoyl; 

U and Lt arc independently selected fiora the group consUting of H, Ci-Ci alkyl, 
phenyl Ci-C* aBodlhio. CF3. CF2CF3. and -Nj; and 

and Lg are mdcpcndemly selected fiom The group eonsistiiig of H, Ci-C« BJkyh 
aiyl, C1-C3 alkylihio, CFj. CFaCFst -CN and 

17. The use according to Claim 16. wherein l-i = » L3 • U - 1-3 - 1-6 - L?. Li - H. 
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IS. The use according to Claim 2, v^ezcin said compound is a compouod of Fonnula Id. 
or a 2*-cst€r or ether ihejcoi or 3*HSSier or etlux tbensof: 

Fonnula U 




wtiertnn Li, L2. Ls and are independently sheeted from die group coosisiing of H> 
Ci-C; aUcyl. phenyl, d-Cu acyl and benzoyl; 

U and L7 are tndependenxly selected from iht groiqi consisting of H, Ci-Cs alkyl, 
phenyl. Ci-C» allQ^lduo, CFj. CFaCFi, and -Nj; and 

U is selected from ibe group consiani^ of H, C|-Ce alkyl, aiyl. C,-Ci a]k>lthio. CFj. 
CF,C3F3,-CNand-N3 

1 9, The use according to Claim 1 B, wherein Li =La =L3 =1^ -L5 -U - H. 
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20. The vse acGonUng to Claim 2, wherein su4 compound is & conipaund of Foimula ht: 

Fonnulale 




whveinLi and La are independently sdected fiom the group consiatins of H, Ci-Q 
Bikyl. pUeoyl, C|-Ca acyl and ben»^; 

U h selected fitwn the group consasdog of H, C,-Ct a]kyl, fihcn^ Crd aUo'Ithio* 
CFs. CFjCFj, and -Nj; and 

U is selected fixnn the groi^ consiAing of H, Ci-Ce afltyl. aryU Ci-Cj alkylUuo, CFj, 
CF2CF3,-CNand-N3 

21. The use according to daini 20, wheran L]-L2*La*L4-*H. 

22. The use according to Claim 2, wherein said pgin is traqswtic pain, neuropathic paiD» 
organ or lissue pain, or pain associated with diseases. 

23. The use according to Claim 22, wherein said traumatic pain is pain resulting from 
injury, post surgical pain or inflmnuitoiy pain. 

24. The use according to Claim 22, wherein said organ or tissue pain is ocular, coineal, 
bone, heart, skin, visceral, joint, dental, urogenital pain, or muscle pain. 
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25. The use ^cording to Claim 22, whcwm sai4 diseases ve cancer. AIDS, aitliriiis, 
herpes or migraine. 

26. The phansaceuiical composiuon according to Claim 1 , wherein said phannaceuttcal 
composition is administered topically to said subject 

27. The phaimaceutica] composition according to dvm J, wherein said phaimaceutical 
composition is adRiinimred v»a injcetion to said subgea. 
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3, Detailed Description of Invention 

TECHNICAi. Fl£LO 
Tliis invemion rdaies to a nseihoa of treating fiain and pteumaceudcal roinpositions 
of uiti in the ireaonwit of pain, such u uraianaiic pain, ncuropwhic pain, oisan or 
pain, and pain associated with diseases. More particularly, ihe present invemion relates to a 
meihod of decreasing or preventing pain associated with diseases, itauma or other 
conditions by administering ph9nnacetitic:al compositions of the present invention. 

BACKGROUND Of THE INVENTION 
The general tenn "pain" is defined here ro represent all caugorles of physical pain. 
This includes traumatic pain resulting flom injury, suigciy or inflammation. It also includes 
pain assodaird with diseases such as cancer, AIDS, arthritis, and hopes. Pain associated 
with neuropathy such as diabetic ncutiqimhy, causalgia, hmchial plexus avulsion, occipital 
neuralgia, fibrajnyalgia, vulvodynia, pmsuc^a. pelvic pain, gout, and other fhnns of 
neuralgia, such as neoropacbic and idiopathic pain syndranies are also included. Specific 
organ- or site^localizcd pain, such as headache, ocular and corneal pain, bow pain, 
urogeniial pain, hcan pain, skin/bum pain, lung pain, visceral {kidney, gall bladder, etc.) 
pain, joini pain, dental pain and muscle pain are fUrther included in this invention. The 
general term "pain'' also covers pain symptoms of varying severity, f.e. mild, moderate and 
severe pain, as well as those of acute and chronic pain. 

Traumatic or nociceptive pain difTers from ncuropafliic pam in ihai an ttacmal 
stimulus causes a normal sensory re^nse to an insult or iUness in the case of tiaumatic 
pain, whereas neuropathic pain results fiom injury to a ponion of the nervous system and is 
typically not responsive to narcotic analgesics. Neuropathic pain ofkcn involves neural 
hypeisensjtivity and can persist without any oven external stimulus. (Goodman & Gilman's 
-The Phannacologic Basis of Therapeqiics", l»6,p, 529, McQraw-Hill). 

The ther^eutic objective of most pain therapy ts to alleviair ttit symptoms of pain 
regardless of the cause. Current pain-cc»trol tberapieB inchide the use of opioid narcotic 
analgesics such as morphine and fcntanyl, nomieroidal anii-inflammaioiy drugs (NSAIDS) 
such as aspirin, ibi^fcn and cyclooxygaiase inhibitors, or ion channel blockers such as 
lidocaine and novocaine. These therapies all have limitations, however. Opioids can cause 
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tolerance, dependence, con$lipaiioD, respiratory agression and sedation. NSaIDS have 
gasuointcsiina] side eHeas, can increase bleeding time, and axe zioi effective in die 
treanncm of severe pain. In ibe case of non-selective sodium channel blockers, cenira] 
nervous system (CHS) side effects, cardiovascular side effects and corneal damage have 
been rqK>rted after use. Given the above limitations to cwrendy known pain^ntrol 
therapies, a need still exists for better pain-ireasinent mecbods. 

Purine derivatives, acting via eJiinicclJular nucleodde receptors, have a variety of 
physiological and pathological roles in living tissues and cell types (Buxnsioek. Drug I>ey. 
Res. 28:195-206 (1993)). ExiraceUular nucleotide receptors have been studied in anumber 
of neurons ftoin afferent and effireni neivc fiben including sensoiy, sympaihoic, 
parasympathetic, mesenteric, and central neunms (Zhong, « cL Br, J, Pharmacol 125:771- 
7«i (1998)), and purines, such as ATP. fimciiDn as cxcitaioiy ncunxnmsmineis. These 
compounds are known to activate P2X rBcepiors located on primaiy affeiem nerve abets 
and tissues of the spinal cord don»| horn (Holton and Holton, J, PhyMol (Lond.) 126:124- 
140 (1954)}. Neurons that process nociceptive infbiroaiion are also found in the spinal cord 
dorsal horn (Macicwicz, R, and Manin, J3. in Hamson's Principles of Internal Medicine, 
12* Edition, McGraw-Hill, fcc. New York, Jean D. Wilson, ci al., cdiiois. 1991 , P,93). 

Nucleotide lec^tors, in particular. P2X recepcois, are known in foan 
homomuliimcrs or heierom ultimas In vitro. Two of the receptors/ subumts fiom the P2X 
family, P2X3 and P2X3, can torn fUnciicmsI ATP-gatcd channels when expressed alone or 
when co-expressed in a hctcromuliiracr forai (P2Xw). These heieromultimeis produce ion 
currents which are simiiar to currents seen in native sensoiy c^iannels (Lewjs. ct, al, Nanire 
377:432-435 (1 99$}), Funhcmioie, nociception has been docuracnicsd to occur via 
stimulation of these P2X recepiois (in jwrilcular within the previously described P2X2, 
P2X, and P2Xm receptor types}, and activation irfibesc P2X reccpiou wiib agonists such as 
ATP or ben2oylben2oyl-ATP is associated with hypcralgcsic action (CWzh and Hies, 
PharmacoL Jtev. 53:553-568 (2000); Jaivis and Koy/^^vk. Drug Deveiopmeni Res. 52:220- 
231 (2D01)). A contrasting example of the causa] relationship between aniagomsm of these 
P2X receptors and aminociccptson is provided by the ATP-k^ derivative, TNP-ATP, 
which has been shown to produce aminocieeptive effects in rats (Jarvis and Kowaluk, 
2001), Substances previously shown to antagonize these P2X recq>to« (such as TNP- 
ATPX however, are senerally known to have thermal imiability and; or receptor selectivity 
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probJems; hence Oiey are poor candidates for phaniwccirtical dcvctopmem. The need siil] 
exuis for new pain ircaoncm methods based cm materials with good jeceptor selecuvi^. 
chemical stability and low jzKidences of side effects. 

As described above, agcnis commozsly used to ireai pain may cause adverse side 
cfFecu, and ±U5 there is a condnuing need for new agents that are both sate and effective in 
ireadngpain. 

SUMMARY OF THE INVEKTION 
The present invention is directed to a method of dealing, reducing, or preventing 
pain. The present invention preferably comprises a method of treating, reducing, or 
preventing pain asaocjaied with trausnadc pain» neuropathic pain, inflanroaiory pain, acute 
psun, chronic pain, organ or lissae pain, and pain assodated with diseases. The method 
ccanpriscs administering to a subject a phamiaceutical composition comprising a 
therapeutically effective amount of a nucleotide receptor modulator. The nucleotide 
receptor modulator is preferobly a pbannaceutical composition con^irising an effective 
amount of a P2X receptor ania^nist. The ?2X receptor is preferably a P2X reccpu>r 
complex comprising at least one ?2X$ subnail. 

The P2X receptor anugoniBta particularly useful for this invention are 
mononudcosidc polyphosphate derivatives or diimcleoside polyphosphate derivatives. In 
one embodiment, the P2X recqator antagonists useful for this invention are roonoauclcositlc 
polyphosphate derivatives or dinudeoaide polyi^uwphatc derivatives of genera] Fonnula 1. 

Fomwlal 



'M n p 

One cmbodiinent of the present invention relates to pharmaceutical conqpositions 
comprisinfi a thcrq}euticaUy effective amount of a compound of Formula I or a 
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pharroaceuiicaJJy accepwblc salu amide, or esrer thereof; in combizmidsi with a 
phanzuceuttcally acceptable earner. 

The present inveniion relates to a mctbod for nrducing paiq in a inamroal in need of 
such treatment conqnising administering a ther^euiically effective amount of a couqjound 
of Fc»inula I or a fdiannRcaitically acceptable sail, wnide. or ester tereof in corabinatioj; 
with a pharmaeeuticaliy acceptable carrier. 

The compounds of the present invenuoncan be used alone to treat pain, the 
coroponrids ofihe present invcniiou can also be used in coruimction wim ottier then^eunc 
agents «• adjunctive therapies comnuKily used to treat pain, ibus enhancing the 
iher^>euiically desired e^cci of pain reduction at the area or areas in xieed of treamicfti. 

BWSF DEfiCRHTlQW OF TOE CTCURlBfl 

Figure I shows die antinocic^tivc effect of admmiBtration of AP4AiiiAXASCa^\ 
3 -monoaccial with phenyl-aceialdchydc) and roozpfaine in *c mouse ig^fgecl^ea] model 
of scute nociception (the hotpUie model). ^^^^ 

figure 2A shows the aminocicepiive effect of a^jwiftwation of AP4AinA and 
morphine in the acetic acid induced constticQojva^ny in mice. 

Kgure 2B shows the antinocicepir^f^ect of administration of Ap4AinA and 
morphine in the pheiiy)beaz^]q«Sme bduced constricKion issay in mice. 

Figure 3 shojijjirfaction of AP^AmA in the mouse in a preclinical model of 
inflamraaiw^ert&ic pain (the formalin model, persistent pain phase). 

^^MXt 4 shows the action of APfAmA in the rat in a preclinical model of 
neur o pathic p a in (the S pinal N e rv e (U/L6) Ligation madel). 

DETAILED DESCRIFnON OF THE INVENTION 
The applicants have unexpectedly discovered that oompounda of the present 
invenUon are useftil in treating pain. As shown herein, pharmaceutical compositions' 
containing compounds of die procsni invcnton of Formula I have utility in the attenuation 
of pain signaling and therefore are usefld for the ireatmem or prevention of pain. The 
method of *e present invenTiwi docs not have maoy of the deficiencies and side effects of 
cuncni commcrci«i compounds and fulfills a need in treating pain by new modes or tar^s. 
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According u» ihe present inventioa. die nwduu) of oeating pain is in a sabjnt in 
need of such mannent regardless of ibe cause or locadan of (he bodily pain. The method 
accon&ig to aprelened anbodimeni of ihe pioeat invcnticD reduces pain wi* iwinose- 
modiSed nucleoside polyphosphate derivatives and/w iheir dinuckotide analogs. The 
method comprises administeriag to a robject t phannii»uica) composition compriting «i 
ef&cnve arnoum of a compovnd of Fonnula I (the subject is a namraat. picfoaUy a 
hmnan). Hie mediods of the present inveniun are weM in die trcaimem of pain 
comprising traumatic pain, neuropathic pain. o«u or (issue pain, or pain associated with 
diseases. An effecnve amount of said compound is an amount Owt leads to * leduciian of 
nocieeptioa and/or ameliorates the sympioms of pain. 

nie method of the present invention alteviates the $>TOptoms of pain regardless of 
Ibe cause of the pain. PwtittWMWe by the pfesem method includes traumatic pain, 
aeuropaihic paia organ and tissue pain, and pain associated with dUeasej. Twumadc pain 
includes pain resultinfi from iruuiy. post-smstcal pain and iniianimatoty pain. Nettropathic 
pain includes neuropathic and idiopathic pain syndromes, and pain associated with 
neuropathy such as diabetic neuropathy, causalgia. btachiaJ plexus avulsion, occipital 
neuralgia, fibromyalgia, gout, and otberjoTma of newaigia. Organ or tissue pain includes 
headache. ociUar pain, corneal pain, bone pain, hean pain, itu/bun pain, lungpaia, visceral 
painOcidney.gall bladder, etcj. joinipaiB. <i«P»I pain, muiekpain.pcMc pain, and 
urogenital pain (e.g. vulvodynia and piosadynia). Pam associated wiQi disuses includes 
pain associated with cancer. AJDS. anhiitii. herpes and migraine. The present invention 
reduces paia of varying severity. i.e. mild, modmteand severe pain in acute and/ or chronic 
modes. 

Pescrifnfain «f Componnds 

The nucleotide and disucleotide compounds use&l for dua mventiBn indnde 
compounds of Fom>ula I, and amides, esters, or salts diereof: 
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Fonuula ] 



T W 
OM OM 




m 



L 



n 



whereb: 

X,. Xi, and X, are radepmSenUy oscygeii, meiiiylene; mozwchloiDoethyleoe, 
dicWoromtrthylenc, njonofluaroineihyiciic. dlflnonmieitiyiene, or iinldo: 
T, W, and V arc independently oxygm or iKoIfUr; 
ni'»0, 1 or 2; 
n-Oor I; 

where the sum ofm-tirtp is iron) Oio 5; 

each M is independently hydrogen or a phannaceudcally-acccp^able inorganic 

counierion; 

A*M,or 

A 19 a nucleo^dc residue which is defined as: 



and is linked to the pba^hate chain via ibe 5* position of the ftnuose or caibocyclr. 

2isH,FQrOR,; 

ZisHpForORj; 

YisHpForOR,; 

Yi4H,ForOR4; 

Ri, Ra. Ri. and R4 are independently H or 4 residue according to Formulas D and/or Hfc 
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provided that when A«M, at lem one of Y' and Z" equals 0Q(R$K^7} undv Qie dcfiniijon 
of Fonnula 11; or Y' and t taken together form a ring as defined in Fonnula HI; 
iunher provided that when A fa a nucleoside* at least one of Y, Y', Z, or Z' equals 
OQ(RsR^7j under the definition of Fonmuta U; or either Y and 2 taken together, or Y* and 
Z' taken together form a nng as deGned in Fonnula 10; 
D] and 02 vc independently O or C; 

Fonnula U 

wheiein: 

Q is a caibon atom; 

Rs. and R7 arc independently H, F. alkyl. cyeloalkyl, aralkyl, aryl, suhstimtcd axaUcyl. or 
heterocyclic nxiiety, or 

R3 and Rd. arc taken ti^eiher to form a carbocydie or heterocyclic ring of 4 10 7 membas, 
such diat the moteiy defined accordii^ id Fanaula D when attached to die oxygen is an 
ether; or 

R5 and are taken rogedier us oxygen or sulfiir doubly bonded to and R7 is alky], 
cycloaikyl, aralkyl, substituted araUgFl. aiyl, or ahetexocyck of 4 to 7 members, such Thar 
the moiety defined according to Formula II when anached 10 the oxygen ta an ester or 
thioesten with the provision that whoi K$ and Rc are taken together as oxygen, and A » M, 
zind Xi « oxygen, ihen R? is not benzoylbeozoyl; or 

R5 and R« are taken together as oxygen or sulfur doubly bonded to Q, and R7 is amino or 
mono- or disubsthutcd arainOp where the substituems are alkyl> cycloalkyi, aralkyl, aiyl, or 
substituted aralkyl, or where the substituenu on niimgcn form a hewocyclic ring of 4 to 7 
members such thai die moiety according to Fonnula H y^flaiea anached to Ae oxygen is a 
carbamate or ihicicarbamate; or 

Rj and R4 are taken logeiha as oxygen or sulfur doubly bonded 10 Q, atui R7 is alkoxy, 
cycloalkaxy, arallQrloxy, aiyioxy, substituted andkyloxy, or substimied aryJ«o^ "ch that 
the moiety according to Fonnula II when attached 10 ttse oxygen is a cazbonaw or 
thiocatbonate; 
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Formula m 




wherm R, «a4 Ra and/or Rj and R, arc taken logc^ to Toim Q; 
Q is a caitnn wm; 

Re arid R9 ai« uOcen together as oxygen or suUur doObly bonded 10 Q to &nn a cyclical 
CBfbonait! ot thiocaibonaici or R« and R9 can be taitai logeihcr u form a ring of 4 10 7 
members, wjih or without subsiiruenrs, with or without unaaiuraiion and with or wiihoui 
heieroaionis in the ring, v^iih the pjovision that when A = M. and X| - oxygen, said ling can 
have no more than two idtro groups as snbstitneDts or 

Rs is hydrofioi. aHqd- cycloalkyl araUcy), salifln'tuM azalkyl, aiyl, or heterocycle; 
R» is hydrogen, alkyl. cycIoalky(, nraOsyU substituted amUcyl, aiyl, hccemcycle. alkjdoxy, 
cycbajkylpxy, aralkyloxy, substituted anUQfloxy, aryk»y» or substituted aiyloxy, such that 
Q IS pan of an acetal-« ketal- or oitho ester moieiy; 

B aad B' are independently a purine or a pyrimidinc residue according to Fonnulaa IV of V 
which is linked to the sugar via the 9* or I- posicicm» respectively; 



ForaiulalV 
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wherein: 

Rio and R14 arc indcpcodcnUy hydroxy, 0x0, amino, mncapto. alkyllluo, aOcyioxy, aryjoxy, 
alkylanuna, cycloalkylamiDo, ualkylamino, arylamino, dimUcylanuno, diary]aniiz»> N- 
alkyl-N-aodamino, or dialkylftmiiio* whwe die alkyl and/or aryl groins are opiionaUy lixtod 
to fonn a heiemcycle; or 

R}o and R14 are rndfipendenily aeylamino, according to Fommla VI; or 
>vhenRioorRuhasastts firavatomaiteogen, RjoandRn or Ru and Rjs are taken logctto 
to form a 5-ipeniberBd fused imidazole ring (echeno compoundsj, optionally substituted on 
the inuda2ale ring of the eiheno-cQmpoimd widi a substitufed- or unsabstituted- alkyi, 
cycloalky], anOkyl, or aryl moiety, as described for RrR» above; 
J is carbon or nitrogen^ with the pcovision that when J is nitrogen, K^z is not piesem; 
Km is hydrogen, O (adenine I -oxide denvaiives) or is absent (adenine derivatives); 
whtn prestmt, R^ is hydrogen, alkyl, azido, araino, alkylaraino. arylamino or aialkylairano. 
hydroxy, alkoxy. aryloxy or aralkyloxy, sulfhydryl, aJkylihio, aiyihio or araBcylthio, or co- 
X(C]4alkyt}C^, wherein X is subsiiiuied- cr unsabstituted- amino, mcrcapio. hydroxy or 
carboxyl and C is chosen ftom -O- (to give an edier). -S- (to give a thioecherj, -NRjg* (to 
give an &miiieX-N(CO)Ri8- (to give an amide), or N(CO)OR|«- (to give a caiiiamate); 
Ri3 it hydrogen, chlorine, fluorine, hydroxy, amino, monosubstinned amino, disubsdiuted 
amino, alkyiihio, trifluoroalkylthio, arylthio, or aralkylthio, where tiie substitueni on sulfiir 
contains up to a maximum of 20 carbon atoms, with or without unsatumtion; 
Ri5 is hydrogen, or acyl (e.g. acetyl, benzoyl, phcnylacyl, with or wiiliaa subsilruents); 
RiA is hydrogen, alkyl (such as meihyU, halo, sayi, aralkyl, alkenyl. subsiif med a]km>4, 
allcynyl, or substituted alkynyl; 

preferably at least one of B or B' is e purine; more preferably at least one of B or B' is an 
adenine; 
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Fonnula VI 

W 




wherein: 

W is oxygen or sulfur; 

Ri9 is anano or mono- or dl subsiisuied amino such diai the moiery according id Fonnula VI 
is a wea or thiourea; or 

Ri7 is aOooxy, sraJkyloxy, ai^oxy, subatituied aialkyloxy, crsubstiiuTed aryloxy, such that 

the moiety according to Fonnuh VI is a carbamaie or ihiocarbamate; or 

Ri7 is aOcjl, cycIoallcyK araUcyl. or aryl^ with or without substituenu or hetexoaioms^ such 

thai Uie moiety according to Fomtula VI is an amide; and 

Ris it alloi cycloalkyl. aralky). or aiyl, with or without substituents or heieroaioms. 

The iUranosy) moieties independently can be in the P-configuratioA or in the L- 
coniiguraiion, with the D-configuraiion inelened. When D] and/or D3 « oxygen, the 
fUranose is preferably in the ^-configuration and most piefexably the finranose is in the ^D- 
configutation. 

Preferred compounds of general Formula I are molectiles whose structures {all 
within the definitions of Foimula la: 

Potroula Ja 




m n p 
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wherein: 

M= H. or phanndceutically-aceqaTablc salt of tlus acid; 

ZisH,orORi; 

Z'isH^orORa, 

YisliorOIb; 

Y' is H, or 0*4; 

provided that at least one of Y", Z,mZ' equals OQCRjRaRi) under die definiiion of 
Fonnula 0; or Y and Z taken Togadier, and/or Y and Z' taken together Ibnn a ting u defined 
in Formula ni; 
Di -O; 
Da =0 01 C; 

at least one of B or B* is an adenine residue according to Fonnula IV; and 
the sum of m-m-tp ia 3. 

The most prefened ccmipounds falling within Fonnula Ia» because of ease of syndieais and 
isolation, are those in which T = V- W - Xi - Xa • Xj = oxygen, 

Frefcrrod ether compounds of Fomiula J» are those wherein Di^Oz^O, 
B»B'«ademne, and Ru R3, Ri, and lU are independently H or CRsR^R^, wherein Rs^R«*H, 
and Rt^ allcyl, aryl or aiylalkyl, provided at least one of Y» Y', Z, and Z' is equal to 
OCRsH^Rt. For ether examples, most prefenred compounds are selected 60m the group 
consisting ordi-5'-{C2'-0-b«TOyl)Bdenoanc) tetraphosphaie, di-5*-[(3**0-bcnzyl}adenosine] 
tetrapho$pbace. di-5*'[C2'»3'*di-0-benzyi)adenoaine] letrapbo^ihate, di-S**[C2*-0> 
phenyleihyl)adenosine] tetrapho^luse, di-5'*((3'-Oiihenyletbyl}adenosine] letrqshosphaie. 
and di-54(2\3'-di-0-phenylediyl)adeQOsine] tctn^ibosphate. Prefored ether confounds 
can also be selected fiom the groitp consisting of: F^-5*-(2*-0-bet]Zyl}adai05ine-P*-5*'- 
adenosine ten^osphatc. P*-5X3'-0-benzyUadenosine»P^*5***adenosine letraphosphaie, 
P*-5X2*-0-beniyl)adenasine-P*-5"-C3* -0-hcnzyl)adenosinc tetr^dkosphate, P*-S'-<2*-0- 
pheayle1hyl}adenosin^F^-5"-adenosine letraphosphate, P^-5H^'-0-phenylethyl]sdeno6ine> 
P*-S"-Bdcnosine tettnphosphate^ andP'-S'-(2'-0- phcnylcthyl)adenosine-P^-5'H3"-0- 
|toiyIethyl)ttdenosuie tetnqphoqsbate. 



28 



4# §§2003-238418 (P2003-23841 8A) 



(51) 



Prcieutd ester compounds of Formula la arc ihose whcrem 
B-B'-ademne, and Ru R2. Ri^ and are independently H or CR3R4I7, wherein Rj and R* 
are laken logeiher as oxygen, and R7- alkyl, aiyl or arylaJkyI, provided at least one of Y, Y\ 
Z, sad Z* IS equal ro OCRsR^R?. Fbr example, preferred csier compounds are selected from 
the group consisting of: di-S*-[(2%0-bea2oyljadenosiae] leixaphospbate. dW-KS'-O- 
benzqyijadenosine] teuaphotpbate, di-5^I(2\3'^<)-ben«ayl)adciiosine] tetraphosphate^ 
di-5'-r(2'-0-phcnyl8cciyIJadcnoHnc] ictraphosphaic, di-5*-CP'-0.pbBiiyIace|>i)adeno9we] 
iciraphosphaie. and di-5H(2'3'-di-0-phenyIacciyI)adc3iosm«] tettaphosphatc. Other 
preferred esicr cM>cnpounds are selected 60m the group consisting of P*'5'-{2'-0- 
ben2oyl>ade»oawe•p•-5"-adenoBinc tctraphosphaie, P'-S'-P'-O-benzoyJjadeaoane-F'-S-- 
adenosine teuiphosphate. P*-3■-t2•-04}OTDyI)adelK)5inc-P*^'^(3••^^)eIaD 
tctraphosphaie, P^-5M2^0-pbeaylaceiyl)8denMbe-P'.5"-adcnosme teirapho^hate. P*.5'. 
(3'-0-phcQylsceiyl>denosinc^P^2*'-adcnosiae teitaphosphate, and P^SX2*-0- 
phenyUceiyl)adenOfiine-P^-5"H3"4D-phenylace^)adei» letraphosphaie. 

Other preferred compounds of Formula 1 are molecules whose siructures fidl within 
the dcfintiions ofFomuJa lb: 



Foimulaib 




wherein: 



A-M; 

XiandXa-O; 
T, V,andW-0; 



M H or a phamaaceutieaUy-acccptable salt of this acid; 
Y'iBaorOR*; 
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Z UH^orORi; 

with the provision ihai at [es»\ one of R3 or H, is a residue accajdins to Fonnula D; 
ox that Rs and R4 taken togciber fonn a ni« as defined in Fonnula IDfc 
Di-OorC; 

B' is an adenine residue accordii^ to Formula IV; and 
ihe suni ofn -t- p is 2. 

The most preferred compounds iaUing wiihin Fonnula because of ease of synthesis and 
isolaiion, are those in which T « V- W - X, - Xi - X, - oxygen. 

Preferred ether compounds of Formula lb arc those wherein Di=Q» B'= adenine, and 
Rj^Ri^H, alkyl. aiyl ot arylajkyl, provided that one of R3 and is not H, iuither provided 
at least one of Y • and r equals to OR3 or OR4. For example, preferred compounds aie 
sdecccd fom the group consiaiingof 5X2'-0.beoJtyl)adctio«ne triphosphate S'^y-Q^ 
benzyOadenosinc triphosphate. 5'-(2-3'-<li-0-benzyl}adcnosine triphosphaie, 5'-(2'-0- 
phcnyJethyDadenosine triphosphate, 5'.(3'-0-pheny!ethyl)adenosinc uiphosphaie, and 5-. 
(2'^*^-0-ph£nylethy])adcnosinc triphoiphaic. 

Preferred ester compounds of Formula lb are those wherein D|-0, B-B*^deninc, 
and Rj and R4 are independently H or CR5R4I7. provided ai least one of Y ' and 2' equals 10 
OCRiROti. wherein R^ and R« aie tEdcen together as oxysfin, and R7»alk3i, aiyl or 
arylalkyl. For example, pnrfcrxed con^Kiunds are selected fom Th« group consist 
C2'.0-bcnzoyl)adenosine triphosphate, S'-O'-C^benzoyDadcnosinc triphosphate. 5X2\3'. 
di-0-beiuoyl)adenosine triphosphate, 5M2*-0-phenylaceiyJ)adeno8me trijAosphate. 
0-phenylacetyl)adcnosinc triphosphate, and 5X2^3'-di-0.pbenylacetylJadeno$inc 
tnphosj^e. 
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Other prefeued compounds of Formula 1 m moIeciUcs whose smicturw M wiihin 
the deiizi)Tions of Fonnula k: 



Fonittila |c 




whcrcm Li, Li, Ls and U are independently selected fiom the gronp eonsisdag of H, 
C1-C4 allcyl. phcnyj, Ci-Cu acyl end benzoyl; 

L) and Ui arc indcpcndendy selected from the group consisiing of H, Ci'C» aUtyl, 
phenyl, C,-C^ aikylxhio. CF3, CFiCFx and -N,; and 

L4 and Ls are independenily selected from the group consisting of H, Ci-Ce alkyl. 
aryl, Cj-Cj alkylthio, CF3, Cf jCFj, -CN end -Nj, 

Aprefetred compound of Formula Ic is that wherein Li » Lj - Lj * Ls - Le = L7 
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Other preferred compounds of Foxwula I arc molecules wtosc stmcturcs fall wiihia 
ihe 4e5nitions of Fonnvla Id. or a 2 '•csier or eiher diereo£ or 3'-esfer or etber thereof: 

Fojmulald 




wherein Li , L2, and L« are independency sdected from the gn>up consistmg of H, 
Cj-C^ ftllcyl, phenyl, Cj-Cu acyl and benzoyl; 

U and hj arc Independently selected fiom me group consisting of Ci-Cft alkyl, 
phisny], C]-Cft alkytihio, CFj, CPjCFa, and -Ni; and 

U is selected from ihe group consisting of H, Ci-Ca alkyU CrCj aUeyitbio. CFs. 
CF2CF3, -CNand-Nj. 

A particttlarly-prcfenred conipound of Fonmila Id is one wherein ti =tj =U=L5 
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Further preferred coll^)ound5 of Formula 1 m moSocuics whose smicures fall 
within the definidons of Fomiula le: 



wberein U and U are independmgfy fidecied from the gioup consistit^ of H, C1-C4 
alkyl. phenyl. C,-Cu acy3 and benzoyl; 

Lj is sdecccd from ihe group consisting of H, C,*Cc alkyl. phenyl, Ci-Cft alkylihio, 
CFa. CFaCFs, and ►N,; and 

U is sdeaed from the group conasiing of H, CrC« alkyl, aryl, C1-C3 alkylthio. CF3. 
CF2CF3, -CNand-Ni 

A piefcired compound of Fonnula It is that wberem Li - L/ - Lj - L4 - H. 

In generaU alky] groups include 1 10 8 carbons, eidier straiglht chained or branched, 
with or without unsaturatlon and with or without hetcroatoms; 

cycloaBqrt groups include tma 3 10 8 carbons^ wiih or without unsaiuratton. and with 
or withotit htfteroatoms* 

aralicyl gioups include &om 1 10 5 carbons in the alkyl pomon^ and with niosoc>clic 
Of poiycyclic moieties from 4 to 8 carbons per ring, widi or without heieroaroms in the axyl 



aryl groups include cyclic moieties ftom 4 to 10 carbons, with w withoui 
hetcroarain^ and these groups may or may not bear subsriiuents; 



Foimulale 




portion; 
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UiUess otherwise co&siraiaed by a litniution oF die alkyl eroup, »IKyl cam cptionftny 
be substituted with from 1 to 3 substituenis selected from the group consisting of hydroxy, 
(C1.3) alkoxy, xrifluorDmeOiyl, tCj-j)ihioaIkyl, halo, Bcyl, gcyloxy, mino, wninoacyl, . 
acylamino, aUcoKycaxteay), ceqiox^. cynno, phenyl optionaUy subsdtatcd ^ith 1 to 2 halo 
atoms and nifluoromeili^. 

Unless odierwisfl constrained \ty the definition for the mdividoo] sub^truent, atyl, 
cyck>alk)i. heceronryl and heterocyclic jpnups c» bcqptionally snhstituted widi 1 to 3 
subitituents sriecied from the gioup consisting of alkyl, alkenyl. aryl, cyclo&lk>4, 
cycloalkenyU heieioaiyl, heterocyclic, axalkyl, alkoxy, axyloxy, hakit nitro. hydmxy. amino^ 
acy], ocyloxy, mninoacyi, acyUunino. catboxy, cyano» aUcoxycazbonyl, thioalkyL thiophenyi 
and die like. Fre&nned subsiituems include alky), alkoxy, halo, eyano, nitso, hydxoxy. 
tiihalomediyl, thioalk^» and amina 

Substituenu on the fore^ag groijis can be* but are noi lindted to. hydroxy, nitio, 
merhoxy, flooro, chloro* biOTO, iodo, methyl, ethyl, propyl, butyl, bcnxyl, ihioalkyi, ^\kaxy, 
carbox^d, cyano, «mno, substituted amino, tnAuorozneihylt phenyU cyclopn>pyl, 
cyck>peatyi. and cyclohcxyl. 

f refeired beieroatoms are oxygen, nitrogen, and aulfur, with oxygen being mast 
preferred. 

The present invention also encompasses non-toxic phannaccudcally acoept^Le salts 
of ihe above nucleotide and dinucleotide derivatives such as, but not limited to, alkali metal 
sahs such as lithium, sodium or potassium salts, or alkaline earth meial salts such as 
magnesium or calcium salts; or snunonium or mono-, di-, tn- or tetraalky) ammonium salts, 
such as mr/NEHa*. NEiH2% NEjH*. or NE,^ (urtieiwn B is C1-4 alkyl) salts. 
Phanmaceutically aeceptable salis are sahs thai remin ihe desired bsotogical activi^ of lihe 
parent compound and do noi impan undesiied taxicologjcal effects. Prefemd eoumerions 
are monovalent ions such as sodium, KKhium or potassium. 

The premt invention also further encompasses non*taxic phamuceuticaily 
acceptable csiers and amides of ihe above nucleotide and dinticleoiide derivatives such as, 
but not limited to, acetate esters 01 acetamides; fonnau esters or formamidcs, benzoate 
esters or ben2amides.or pentanoace esters orpentanamidfts. 
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Mtihoib qf FrcpariDfi ibe Compounds 

The compounds of ibe prooit invention can be convcnicnily syntheeiacd by those 
skilled in the an asing well-luiown chemical procedurcfi. Mononucleoside snono-, di- and 
triphosphates, phosphoixic add derivmives end iinidoiriphosphates can be obtained firom 
commercial sources or &>nihesized from the nucleoside using a vanery of pho!^pbcH>Iauoa 
reaciiona found in the chemical Utenmire. SynsnevicBl and unsymmeirieal diimdeotide 
polyphosphates can be prepared by activation of a nucleoside mono-, di- or triphosphate 
uitb a coupling agent such as. but not limited to, dicyclohexylcaitiodiimidfi or 1> T- 
carbon>4diimida^lep fdbwed by condensation with another nucleoside mono-, di-, or 
tiiphosphaic. which can be the same as or difiTerem from the activated moiety. Activanon of 
nucleoside ttiphosphates with dicycUaisexylcaiteditmide gives a cycHcal frimeuphosphaie 
as ihe aetivaied species, whidi ean leaet with a variety of micleoplules to install unique 
substitucots on the terminal phosphate of a triphosphate. 

Tbe compounds of die present invention can be piepaied by dmvatization or 
subsiituiion at dte level of the naOeosider followed by phosphotylatian and condensation as 
previously described; the reactions can alternatively be carried out directly on the preformed 
mono- or dinudeotidcs. 

In Formulas ia and Ib^ the subsistuems at V » Z' , and Z generally are. but are not 
limited to, alcohols* ethcn, esters, carbamates, carbonates, or acetals where the substiiuenu 
on oxygoi are generally described by Foanula Q and/or Fanin4a UL The subsdtueots can 
be introduced as follows: 

Ethers can be readily prepared by reacting a hydroxyl group of the furaaose in a 
nucleoside with an alkylaung agent in the presence of a suitable base in an Apprapiiate 
solvent. 

Esters can be readily prepared by reacting a hydroxyl ff^up of the Ibranose in a 
nucleoside or nucleotide with an aciiVBied Conn of an ^prpj^aie organic acid, such as an 
acid halide or acid axihydride in the presence of an organie or inorganic base. Alternately, a 
suitable coupling rcagem such as dicyclohexyicarbodiimidc, or 1 ,1'- carboajddiimidazole 
can be used to activate the orgamc acid to achieve similar results. 

Cajbamates or thiocaibamates can be most conveniently prqiaied by reaction of a 
hydroxyl of the furaoose in a nucleoside or nucleotide wifh any of a number of 
commercially available isocyanates or iaothiocyanatea, re^ectively, in an inen solveni. 
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Alternately, when a desired isocyanaie or sfloduocyanate is aot obtainable from coauneicial 
sources, it can be prepared ^om the coirespondmg anune by the use of phosgene or 
ihiophosgeoep or a chemical equivalent, respectively. 

Caiboxiatcs or ibiocaiboAates can be synthesized by reacting the hydnoxyl group of a 
furdnose in a nucleoside or nucleotide with an appropriate halofbimaie in the presence of an 
orgsnic or inorganic base. 

Nucleosides can be convened into nucleotide nxntophosphates using pbosphoipus 
oxychloride in trimeihyi phosphate. Hydrolysis and workup, folbwed by chromatographic 
punltcation gives the conesponding monophophaie derivatives. Monophosphates can be 
furdier mocUiicd to give di- or triphosphates, phospbonic anhydride derivatives, 
phosphonamide derivatives, dinncteotidc polypliosphatBs. dinucleotide {Aiospbonate/ 
phosphate anhydrides, or cfinucleoiide inudofihosphate derivatives using literature 
procedures. 

In FonnuJas I, la and lb, the subsiituents at Y'and Z\ and/or Y and Z, are optionally 
. talcen togeiher to fotm acetals, ketaU or orthoesters. Aceials and ketals can be readily 
prepared by reaction of adjacent 2'* and 3*- hydroxy] groups of the ftaranose in an 
appropriate nucleoside or nucleotide with an aldehyde or 1tetone» or their cheinici4 
equivalents, respectivdy, in the presence of an acid catalyst. Particularly advantageous is to 
use an organic acid such aa Ibmuc acid, which can effeei the transfbimation without 
coinpletely affecting the integrity of the rest of the molecule. Alternately, strong acids such 
as trichloroacetic, p-toluencsulfonic, methanesulfonic and the like can be employed in 
cauilytic anxmn(5» in conjunction with inen solvents. In some cases it is preft^able to use a 
stmng add in combination with another acid audi as formic acid. 

Similarly, cyclical orthoesters can be prepared by reaction of acUacent 2*- and 3*- 
hydrQxyl groups of a fmanose wim an ac)4ic onboeater in The presence of an acid. 

When the nucleoside or nucleotide to be dcrivatizcd is a purine thai contains a 6- 
amino functionality or is a pyriraidine diai contains a 4-ainino functionality, it can be" 
converted to the respective urea or thiourea by treatment with isocyanates or 
isothiocyanates, respectively, as was previously described ibr carbamates or thiocarbamaies 
of the 2*> or 3'- hydroxjAs and/or 2* or 3" hydroxyk of the fiiranose rings. Jt has been found 
that reactions of the amino group with isocyanates or isothiocyaiuues can be earned out in 
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*e presence of ihc hydroxyl ^upa of the iiuaiose, by ^fropriate iMoipulaciQn of the 
stoiduomcny of the reaccioa 

A]i of the dehvatizatkv) reactions described ean be carried out on preibnned 
dinucJeotide polypho^aics, which result in multiple products. Relative product raiioa 
depend upon reaction sioichiometiy and on vrheiher multiple reactive groups are presem. 
When multiple produces are obtained, these can be conveniently separated by the use of 
preparative revcrae-phasc high pcrfoimance liquid chmmaTogn^ihy (JJPLC). Particularly 
advaoia^us is ihe use of Cl 8 or jAenyl reverse phase cohimns, in conjunction with 
gradients that start widi aromoniwn acetate bufifia- and end with methanol. The use of a 
buffer provides for nucleotide stability and improved peak shape of the cludrjg products and 
the use of methanol allovfS fiw efieciive desorption of these hpophiUc compounds fiom the 
coluim. Funbermorep the use of ammonium acetate buffer soluUons in conjunction uiih 
methanol allows the chrrnnatDgrapbed products to be isolated following evaporation and 
lyophilizaiion of the volatile salt. 

While separation of rauhiple products can be done by HPl-C, another strategy to 
increase the yield of desired product from a reaction sequence is to first introduce protecting 
groups into nucleoside- or nucleotide, starting materials. This sjrai^ can produce 
materials, which have a single reactive functionali^ available for leaction iviih a sulksequeat 
reagent. Protecting groiqis can be introduced on prefonned dinticleotide polyphosphates, or 
alicmaicly. can be carried out on nucleoside mono-, di-, or triphosphates. These materials 
can be purified by chrotnatography or other means. Funhcr fnnctionalizaiion, followed by 
dcprotcctiQa leads to a sdeciively-functionalized product. This new material can be used in 
iUither condensation reactions, or can be the end product desired in the sequence. 

Those having in the an will recognize that ihe starting matexials can be vmied 
and additional steps employed to ptoduce compounds enoompassed by the present 
invention. In some cases protection of ccrwin reactive functionBlitiesmay be necessary to 
achieve some of the above transfonnations. In general the need for such pr^eciing ^oups 
will be apparent to du>se skilled in the art of organic symhesis as well as the condidons 
necessary to attach and remove such groups. 

Methods of AdmlninratioD 

The active compounds disclosed herein are administered lo a painful area of a 
paiieni by any suitable means, but are preferably introduced by administering a liquid or gel 



37 



^132003-238418 (P2003-238418A) 



(60) 

suspension of the active compounti in the fonn of injection, drops, spny, foam or gel. 
Aitfijxiativcly, liposomes containing the active compounds may be appited to the painfU area 
to leduce pain. Further, the active compounds may be iafustd into the painflJ area via a 
punip-caibcicr syaeiti. Anotfaer embodiment of the present invention involves the active 
compound contained within a continuous or ideeti ve-release device, for example^ 
membranes such as, but not limiied to, ihose employed in ttie Ocusen^'' System (Alaa Coip., 
Palo Alto, Ca), As an additional embodiment* the active expounds cam be eontwned 
wimin» canted by, or attached to cwxiact lenses that are placed on ihc eye, or adhesive 
bandages, gauzes or spongtss pl^^ed on skin or an exposed layer of cells. Another 
embodiment of the present invention involves an active compound of this invention placed 
on or within a swaib or sponge that can be used u> apply the pain-rcducfasg material to the 
paiafbl area. Another embodiment of the present invention comprises the activB compound 
comained within a Bqnid spray or foam, whidi can be appUed to ftep^^ Another 
embodiraem of the present invention involves an ijuection of the active compound diiecily 
inio the painful area, or onto or under die sur£u:e of the painful area. 

In another embodiment of the present invention ihe active compound is fbnxuilaied 
for vaginal administration/ Pessaries, tampons, sponges, creams, gels, pastes. & 
^rays containing in addition to the active compound such cairiers as are Imown in the art m 
be appropriate are included in this embodimeni of the invention. 

in a further embodiment of the preaem invention the active compound is formulated 
for admmistratioa as a suppository. A low melting wax, such as a mixuite of fatty acid 
glyccridcs or cocoa buiier is first melted and the active compound is homogeneousiy 
dispersed. The molten homogeneous misduie is then poured into conveniently sized molds, 
and then allowed to cool and solidi^. 

The quantity of die active compound included in the phaimaccuiical conation of 
the present invention is an amount that is eOecuve in reducing pain. Acmal dosage levels of 
active compounds in the pharmaceutical compositions of ihis invention can be varied so as 
to obtain an amount of the active con^jound(s) that is effecrive to achieve the desired 
therapeutic response for a pBrncular patient given that paiticular composition and mode of 
admtnisiration. The sdected dosage level wifl depend upon the activity of the particalar 
compound, the route of adminisiranoa, the severity of die condithin bcii^ treated and the 
condition and prior medical histoiy of the patient being treated. However, it is gencmlly 
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known 10 Those simied m ihe onio sisal doses of the cc^pound &t levels lower than required 
to achieve the desired therapeutic effect and u> graduaJly iacrease the dnig dosage until the 
desired eflect is achieved- The dosage amount is preferably an amoont sufEcient to achieve 
dissolved coflcentradoQS of the active compound in the painlU area of the subjea fiom 
about 10'^^ to about 10'' oioles/liier. and more prefMbly fom about 10"* to about lOr' 
moks/liier, in order to treat or significantly diminish the pain response in that area. If 
desired, tkt effective daily dose can be divided into sndtiple doses for purposes of 
administration; consoquently, single dose compositions may contain such amounts or 
submuldples thereof lo make tiie daily dose. 

A topical solution containing an active compound <9»imally contains a 
physiologically conrqiaiible vehicle, ss those ddDed in the dermal and ophthaimie an can 
select using conventional criteria. Tlie vdiicles m selected ten iht knoivn ophdulmic and 
cutaneous vehicles which include, biu sre not limited to» saline solutions, water, polyeihers 
such as polyethylene glycoi, polyvinyls sudi as polyviiiyl alccdiol and povidone, cellulose 
derivatives such as methylcellulose end hydroxypropyl methylcdlulose, petroleum 
derivatives such as miaera] oil and white petrolatum, animal £tts such as lanoUn, polymers 
of acrylic add such as carboxypol)aiediylene gel, vegetable fats sueb aa peanut oil, 
polysaccharides such as dcxtraoa, glycosaminoglycans snch as sodium hyaluronate. and salts 
such as sodmm chkinde and potassium chloride. 

In addition to the above listed methods of admitustration, the following various 
methods can be used for administering effective amounts of a compound of Fomula 1 tar 
pain rdief via either topical or systemic routes of administration. One such means of 
administration is by inhalation of an aerosol suspension of respirable particles comprising a 
pharmBceutieaily effective amotmi of the active compound. The active contpound can 
directly act on a painAiI area on the surface of the lungs or be absorbed into the bloodstream 
via the hmgs, and subsequently diminish the pain in a painiul area of the body. The 
respirable particles may be liquid or solid, with a panicle size sufficiently small to pass 
throuj^ the mouth and laiynx upon inhalatioxu in general, particles ranging from about 1 to 
10 microns in diameter, but more preferably 1*5 microns in diametei arc considered 
restpiiable. Alternatively, the active compound can directly act on a painful am on the 
surfiice of die throat, oropharynx, or upper airway by inhahiiion of larger particles 
comprising acdve CQmpound{s}. When die panicle size of the composidan is chosen in the 
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raisge fiom abom 1 0 to 200 microns m cjiameTo-, but more preferably 20 lo ] 00 microns in 
diftmeter, the parucks and active component are deposited otac the epitlielial layers of the 
throat and iipper airway, providing a inetbod for relieving pain in those areas. 

A further method may be by nasal admimstratiozt The solutions or suspensions of 
active campound(s} are applied diiecily lo the nasal cavity by conventional means, for 
example, with a dropper, pipette or spray. The fonnulasion may be piovidcd m single or in 
muhidosc fonn^* ^ iht case of dosing by a dropper or pipette, an appropriate^ 
predetermined voJune of the solution or su^ension may be admimsrered. Alternately, a 
spray may be delivered, for exan^le, by means of a metered, atomizing spray pump or oihff 
known tnethods such as by inhalation of a mist con^sing the active mateiial, as generated 
byaspno^bottle. 

Means of administering the active compounds lo the eyes of a subject con|«ises 
administeiing a liquidyiiquid suspension or other pbarmaceuncally accqnable thnnulatfon in 
the form of eye drops or eyewash to the eye(sj of a subject in need of such treatment 
Alienuiivcly. nasal drops of a liquid formulation, or a nasal spray of respirable particles thai 
the subject inhales can be used lo treat painiul areas of the nose, nasal passageways or 
sinuses. Uquid pharmaceutical compositions of the active compound fisr use in a luual 
spray, nasal drops or eye drops may be pivpazed by combining the active compound with a 
suitable v^ihicle, such as steiile pyrogen-fiK waier or sterile saline by techniques Imown to 
those skilled in the art. 

Means of oral administraRon of active compound cojxq^ises pharmaceutical 
compositions containing an active conqiound or compounds in the foim of tablets, lozenges, 
aqueous or oUy suspensions, dispersible powders or gnnuies, emulajons, hsid sot 
capsules, syn^ or eUxits. Conqmiions intended for Ml use can be prepared accotding to 
any method loiown to the an for the manuftcture of pharmaceutical compositions and such 
compositions may contain one or more agents selected from the groiip consianng of 
swcetemng agents, flavoring agents, coloring agents and preserving agents in order to 
provide pharmaceuncally elegant aid palatable preparaticms. Tablets contain the active 
ingiediem in admixture with nonlmde phamiaceutically acceptable excipienu diat are 
suitable for the manu&cture of tablets. These excipienis include; for example inert 
dihients, such as calcium carbonate, sodium caibonate^ lactose, calciiun phosphate or 
sodium phosphate; granulating and disintegrating ag^ts. f(V example, com starch, oralgiinc 



40 



4tea2003-238418 (P2003-238418A) 



(63) 

add; binding agents^ for example, starch, ^laiin oi acacia; and labncating agents, for 
example magnesium siearate, stearic acid or talc. The tablets can be tincoaied or coated by 
known techniques to delay disintegration and absoiption in the gastroinrestinal naci and 
tbejeby provide a sustained action over a longer period. For exajziple, a time delay material 
such as slyctfyl monoitearate or glyceryl disteasate can be eniployed. Formulations for oral 
use can also be presented as hard gelatin c^ulea wherein tfie active ingrecfient is mixed 
with an inen solid diluent, for example, calcium cadKmase» calcium phospbate or kaolin, or 
as soit gelatin capsules whcrdn the active ingredient is mixed with water or an oil medium, 
for c^tamplc, peanut oiU liquid parafTm or olive oil. 

Administratiosi of an active compound lo relieve pain in a subject may also be in the 
fomi of a supposhoiy comprising the active compound, such that a therapeuiieally efifective 
amoum of the eon^)auod diminishes ibe pain in an area of a subject in need of such pain 
reUef. 

Axtanhiistration of ilie aciive compound via direct imra-operative instiUation of a gel, 
cream» or liquid suspension of a thei^utically effective axxiount of the active compound is 
another embodiment of this invennoiu The acdve compound may be applied to an area 
requiring analgesia during pre-qperative, operative and/or post-operative proceduxea via a 
suitable delivery mctitod. The acdve compound, formulated with an acceptable earner as is 
known in the an to be appropriate, would be delivered either by a single administraiion. or 
usmg a continuous or selecti ve-release device. Such devices may be. but are not limited to, 
syringes, sprayers, adhesive bandages, sponges or swabs. 

The method of the present invention can be used with other therapeutic and adjuvant 
agents commonly used to reduce pain, thus enhancing the effects of the therapeutie agents 
and adjunctive agents* Examples of other then^euiic agents used in the treameht of pain 
include opioids (Morphine, FentanyiJ, sodium chazmd blockers (Novocaine, tidocasne), 
NSAJDS (aspirin, iboprofen) and C0X2 inhibitors (Vioxx, Celebrex). 

High doses are sometimes required ibr ther^eutic agems to achieve the desired 
levels of analgesic response, but high drug doses are often associated with a greater 
^uency of dose-related adverse elfects. Thus, combined use of the compounds of ihe 
IHTsent invoition with other ihmpeutic agents cammonly used to neat pain may allow the 
use of lower doses of other pain-relieving agents to achieve similar or reduced levels of paiti 
in a subject in need of such tzeaunent; this combination therapy may also reduce the 
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frequency of advene side cffccu associated wixh long-icon administnmonof wch egenfs. 
Thus, anoUicr ijd vantage of the use of the compound* in rtas invention may be to reduce ihc 
number and/or severity of such side efRcu as tolerance, dependence, constipation, 
respiraiory depression^ sedation, and^or gastrointesimal Me efTeeis from drugs used to treat 
pain. 

If is understood that the fbrefioing detailed deaenption and accompuying examples 
are merely iUustrarivc and an? not to be taJ«n as Kmiiaiions upon *c scope of ttic invention^ 
which is defined solely by the appended claims and their equivalents. 

Various changes and modificatioas, including without limitation those relating to the 
chemical stmctures, aubsriweuts, dcrivaiivcSp hiienncdistcs, syntheses, formulations and/or 
methods of use of the invcntian, may be made without depanjng 6om the spirit and scope 
thmof. 

EXAMPLES 

Example 1. EfTecis of A?4AmAfB the Hotplate Assay for Acute Pain in Mice 

The action of P*-5^[2»-(0)-,3'.{OHbenzyl^cthylcncdioxy]adcnQsinfr.P*-5"- 
adenosine tetraphosphdte. (AP4AmA; AP4A-2'. 3'.mono-acetal with phenylacetaldchj^) 
on mice in the hotplate model tUuitiates the analgesic affect of caropounds of Formula L 
■nie temperature of the hot plate was set at 55 degrees Celsius. Animals we» admiiiistei«d 
subcuianeoualy AP4AniA or saline into the dorsal aspea of both hind pawi in a volume of 
20 microliters. Thi$ admiaistraiion occurred 5 minutes prior to placement on the hoiplaie. 
Morphine was administered si^scutaneously into the back nape of the mouse's neck in a 
volume of 10 mUkg. 

The time to hind^w hclc was used as the eflicacy cndpoint. If the am'mals did not 
lie* their hindpaws after 36 seconds then they were confddered to be fUUy protected to the 
hoiplaic induced algesia. The raw avetages were then convened to a maximum pciccm 
cfTeci, MPE%, by nomaBzing the rrqpome to vehicle as basdlne and 36 seconds as fully 
protected. 

Figure I Aowi the antinociceptive el&ct of adminisiration of AP4AmA (AP4A-2 \ 
3'-monoacetaI with phenyl-aeetaldehyde) and moxphine in ihe mouse in a precHnical model 
of acute nociception (the ho^late model). The results clearly illustrate a dose dependent 
phannacological effect of AP4AmA in increasing the time to hindpaw lick, maximal peicem 
effect, in the hoiplate. This effect is statistically equi valern to morphine at the highest dose 
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of AP4AmA aad siaiispcaJly significani fiom vehicle control. This example denanstraies 
ihat compounds of Fonx>u2« I are effective in treatizig or preventing acuce pain. 

Example 2. EITecti of Ar4AinA on the Abdominal Coo itricUon Assay for Visceral 
Fain in Mice 

These examples illusnrnte die effecu of Ap4AinA in two siniUar models of 
abdominal consiriciion; aceiic acid-induced and phenylbenzoquinonc-induced consErictions 
in mice. The method employed in figure 2 A and 23B was a modificatioa of the abdominal 
constriction rest described by Collier ct. a] (Collier, H, O. et al. Br. J. Phamavol. 
Chentofher. 32ui95-3lO (1968)). 

Briefly, in Figure 2 A, each animal, received an imraperiionea] (i,p,) iiucction of 
0.9% acetic acid in a volume of 10 mL/kg. The mouse was placed in an observation 
chamber shortly after ihe acetic acid uuociion and allowed to explore. Tasting staxted five 
minutes after the acciic acid liuecdon and consined of 10 minutes of observation during 
which the number of abdominal constrictions was counted. Abdominal constriction was 
defined as a lengthwise stretching of the usrso with concave arching of the back. AF4AmA 
and v^cle were administered Lp.. in a volume of 10 mLOcg. 3 minutes prior to die 
administradan of acetic acid while Movpbine was administtred up., in a volume of 
IQmUkg, 25 minutes prior to the administnition of acciic add. 

Briefly, in Figure 2B. each animal received an i.p, injcaiwi of a.02Vo 
piicnyJbcjKpquinone in a volume of 10 mL/kg. The mouse was placed in an observation 
chamber shortly ^ct the acetic acid ii^ection and allowed to explore. Testing staned five 
mmutes after die acetic acid injection and consisted of 5 minutes of observation during 
which the number of abdominal constrictions was counted. Abdominal constrkiicm was 
defined as a lengthwise sui:iching of the torso wlih concave arching of the back. AP4AmA 
and vehicle were administered i.p,. in a vohnnc of 10 mlAg, 3 minutes prior to the 
administration of acetic acid while morphine was administered i.p.. in a volume of lO 
mLQcg, 30 minutes prior to the admirisiraiion of acetic add. 

The results diave deariy illustmte a dose dependent phannaeological effect of 
AP4AmA in reducing the abdominal constrictions In both the acetic acid and 
phenylbenzoylquinone^induced constrictions. This cflect isnot statistically different ftom 
roojphine at 100 mg^g AP4AmA in die acetic acid model and 30 rog^g AP4AniA is not 
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suiisticaUy differeni from moxpbine in Ihc pbcaylbcrooquinoiu; model. This exaxnple 
demonsciates thai compounds of Fonnula I Bie effective in trcaUng or prevenung viscera] 
pain. 

fisiainplr 3. Efiecis of AP4AinA on Uie FormaUo Amy for Innaminirtory Ma in Mice 

This example iUusnies the effect of AP4AniA io mice in phase 0 of the fbnnalia 
assay for penisieni infIanuaa(otypain. In bricfp mice were izjeaed 20iniciolitcrt of a S% 
full strength fonnalin soJuiion subcuianeously (s.c.) into the dorsal aspect of the right 
hindpaw. The mice were wwncd to che obacivation cage. The mice were injected 10 
microliters s,c. into (he same dorsal aspea of ihe right hindpaw with cither vducle or 
AP4AmA in vaiying concentraiions 10 minuieB after the fonnalin iq'eaioa They victc 
rcfmnwd lo the observation cages and the number of linies they licked Iheir right hind foot 
was counted from the 1 0 minutes to ihe 30 minutes post fbrnialin adminisnasiDn. 

Figure 3 *Dws the action of AP4AmA in the mouse in a preclinical model of 
inflwranaiory somatic pain (the fonnalin modd. pcrsistcw pain phase). ITic results dearly 
illustrate a dose dependent pharmacological e£Gsct of AP4AinA in reducing the duiaiion of 
time ^eniliddng The hiflaroed hind paw. This example demomnatcs thai compounds of 
Fmmila I are effective in treating or preventing ioflammatoiy somadc pata 

Example 4, EfTectt of AP4AinA oit tbe Spinal Nerve (!LSfL6) Ugalipa Model for 
Neuropathic Pain in Rats 

This exanple illusn-aics the effect of AP4AniA in rats in a tactile allodynia model of 
nerve Ugation model described in detail by Kim and Chung (Kim and Chung, Fam 50;355- 
363 (1 992)). Mechanical (tactile) allodynia was measured by using electrxsnic calibrated 
vonFrey iilasienis. 

AP4AmA was administered subplantar 60 minutes prior to allodynia testing where 
as morphine was administcredi.p. 60 minutes jhiot to testing. Figure S iUustnwcs that 
AP4AmA administered in a concentration of 0.03 mgf'mL in a volume of 50 microhicrs 
directly to the paw can reverse the allodynia in the rat m an equivalent level as morphine 
administered i.p^ at \6mg/kg. 

¥i&at 4 shows the action of AP^AmA in the rat in a preclinical model of 
neuropadiic pain (tbe Spinal Nerve (L5/L6) iigatiim model). The results clearly illustrate a 
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plwaacological effeci of AP4AxnA in enhancing tbc gram fbrcc required to induce the lat 
to vfiihdrtwal ihc allodynic hindpaw. This effecr is noi atansikally cttfferew frtan morphine 
an4 significantly different from vehicle coni^. This example demonstrates that 
compounds of Formula I arc effective in treating nwopatiiic pain. 

The invemioa and the maimer and process of nuddng and using h. axe now 
described in such fiill, clear, concise and exact terms as to enable any person dolled in the 
an to which it peiuins. to make and use the same. It is to be undentood that the forgoing 
dcscnbes prefenied ejnbodiroenta of the present invention and that roodificaiicais may be 
made therein without depaning from the scope of the present invention as set forth in the 
claims. To panicufarty point out and distinctly claim the suliject maner regarded as 
invemion, the following claims conclude this ^eciScadon. 



45 



^632003-238418 (P2003-23841 8A) 



(68) 

phannaccwtically acceptable cwiicr. ^0^^''^'^^ 

The prescoi iaveniicoi Tclates id b method for Tcducing psanjjwrtfffl^ml in need of 
such ir«ini€iit coanpriainfi admimttering » fterip€uuc«nj.*<ec5ve amoui^t of a compound 
of Fonaula I or a pbarniaceuticaUy acccpuUes^lfri^^, or ester thereof in combinsiion 
will % phamiaceurieally acceptable t^j^ei: 

TTic compottoiU ofj^p-pj^coT iDvenTii3o can be used aJane 10 treat pain. The 
compounds of^epfrtSa invendon can aJso be used in conjunction with other therapeutic 
agcnttopaljtHKtive ihcr^iies eommoaly used 10 treoi pain, thus cnhandn* the 
iW^w i i 'cally dat i ra d • ffWt of pa i n i» d i ifltiBn ai Uw ■ rw or mr i n in o ee d a f tteMniem, ■ 

4. Brief Description of Drawing 

BIOEF D£SCRIFnON OF THE FIGURES 

Figure 1 shows dje antinocicqiuvc effect of adiainistraitoi of A?4AxnA (AP4A-2'. 
3'-ntonoaccta[ with phenyl-aceialdebyde) and moiphine in ibe mouse in a preclinica] mode) 
of acute nociception (The hotplate mcsdcl). 

Figure 2A ^ows the antinociceptive eiTect of admimsiration of AP4AmA and 
moiphme in the acetic acid induced conscdction assay in miee. 

Fi£uie 2B shows the anuQociccpiive effect ofadnimistmion of AP^AmA and 
morphine in ihepbcny]benzoy}quinone induced constriction assay in mice. 

Figure 3 shows the action of AP^AmA in the moose in a preclinical model of 
inflammaiory somuic pain (the ioraialin models persistent pain phase}. 

Figure 4 showa the aedon of AP4AB1A in the rat ui a preclinical model of 
neoTopaihic pain (the Spinal Mcrvc (U/L6) Ugmn model). 

D£Tj%IL£D DESClUmQy OF TUE INVENTION 

llie appUcaots have unexpectedly discovmd that conpouttdsoCihr^mcm 
invention are useful in trcetins posn. Aa shown herei^^pbmnScadcal compositions' 
cootsinhis compounds of ihe present inv^;siflfr67^tnula ) have udlity in the anenuation 
ofpaittsigijaJinfiandthCTt$n»-airt»ftiltbrth^ The 
inethod oftij54ifeS5nFinvention does not have many of the deficiencies and side ef&cta of 
wtrfffmcfimmeiri a l cftntpri ua ds and fid fi Us a nee d in treating p a in ty new piodas or targ e r s. 
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Aoiinocicepiive etiea of administration of Ap4AmA and Morphine in 
tna noiplaie assay in mice 
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FIGURE 1 
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AnilnocicepiJv€ effect of aominisiration pf Ap4AmA and Morphine 
in tna ph8nylD8n2aquinon&-«V3biceo consutction in mice 

35 




□ Vehicle i.p. 
■Ap4AiiiA Img/kgip. 
BB Ap4AinA 3 rag/kg i.p- 
BAp4AmA lOmg/kgi.p, 
■ Ap4AmA 30 mg/Tcg i.p. 
■Ap4AmA lOOmg/kg i.p. 
□Mojpbine 4 rag/kg s.c. 



Dimnetfs lest: PO.05 vs vehicle 
n = 8 mice per group 
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Antinociceptive effect of administranon of Ap4AfnA m Pnase il of me Form^n 
mocteri, Qift perstsierv paip phase, m miCB 




Vehicle 



|>Ap4AmAacitvny in Formalin Phase n 
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Aatinocicepiive efTea of adminisiratiQn of Ap4AmA in ihe Chung 
mo4dl of neuropamic pain m rats 
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1- Abstract 

TheprcseniinvendonisdJrectedtoaineihodofireaiii^pai^ ThemeQiod 
comprises administering To a subject a pharroaceuiical composiiion compxismg an effective 
amount of a f 2X receptor wiagonisL Tbc methods of ^ present inventioa ate useflil in 
reducing pain, such as traumatic pain, neuropathic pain, organ pain a^d p^n siasociaied with 
diseases. The P2X xeceptor antagonists panicularly useiul for invomon are 
monoDucleoside pol)ipbospbate doivaiives or dinucleoside polyphosphate desivatives of 
genera] Fonnula I The compounds of the pxesem nieihod can be Ksed alone to ueat pain. 
The con^oimds of the present method ean also be used in coqguncnan other 
therfilpcaric agenu or adjunctive therapies commonly used to treat pain, thus ^nhftfi^n g the 
overall pain-reducing effect in a subject in need of such treatment. 

2. Representative Drawing 

none 



